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ABSTRACT OF DISSERTATION 
 
 
 
CAN LESS BE MORE?  
STUDY LOAD AND ITS EFFECT ON SCIENCE ACHIEVEMENT AMONG 
CHINESE EIGHTH-GRADE STUDENTS 
 
The present study addressed a core research question of “Can less be more?” 
concerning study load, which has become increasingly worrisome and controversial around 
the world. This idea reflects the philosophy of pursuing efficiency and effectiveness on 
learning, namely that a lighter study load may result in more successful academic 
achievement. The study adopted the IPO (input-process-output) model to address five 
interrelated research questions: 1) What are the structural characteristics of study load? 2) 
Is there any individual difference in study load? 3) What are the characteristics of teachers 
and schools under which students tend to have a heavier study load? 4) What are the effects 
of study load on science achievement without and with adjustment for student, teacher, and 
school characteristics? and 5) What characteristics of teachers and schools can moderate 
the relationship between study load and science achievement?  
 
Data were drawn from the 2016 Program for Regional Assessment of Basic 
Education Quality (PAEQ). The sample included 40,536 students and 946 teachers in 
science (biology, physics, and geography) from 118 Chinese middle schools. Ascribe to 
multiple memberships existed at the teacher level for most students, meaning most students 
were taught by more than one science teacher, the current analyses employed three-level 
multiple membership multilevel models (MMMM), in which the Marko Chain Monte 
Carlo (MCMC) method was utilized to estimate parameters. 
 
The present study revealed that among Chinese eighth graders, on average a daily 
study load was nine hours on weekdays (six hours in-school learning, two to three hours 
doing homework, and half an hour after-school learning) and eight hours on weekends 
(three hours learning in school, three to four hours doing homework, and one and half an 
hour learning after school). Overall, students with higher SES, students who came from 
both-parent families, and native students had a heavier total study load. Under homeroom 
teachers, male teachers, teachers who had been teaching more than 10 years, and teachers 
who more often applied inquiry-based approaches to science classes, students tended to 
have a heavier study load. Meanwhile, in schools with higher mean SES, higher mean 
     
 
academic pressure and parental involvement, higher school autonomy, as well as less 
principal demographic leadership, students tended to have a heavier study load.  
 
Furthermore, the present study displayed that, after we adjusted for student, teacher, 
and school characteristics, in-school learning time on weekends was the only component 
of study load maintained a significant and negative effect on science achievement. Teacher 
gender and several school characteristics, such as mean SES, mean academic pressure and 
parental involvement, principal leadership, and school autonomy, were salient moderators 
of the association between study load and achievement. In order to answer the core research 
question, using the established equations from full MMMMs, three examples were 
illustrated that reducing individual study load and fostering school climates with lower 
academic pressure and less parental involvement in academic activities can result in more 
successful students’ achievement in science. Consequently, we argue that the answer to the 
question of “Can less be more?” is likely on the “yes” side. Finally, implications for 
policies and practices in education as well as directions for future research were discussed.  
 
KEYWORDS: Study Load, Science Achievement, Multiple Membership Multilevel 
Model, Markov Chain Monte Carlo (MCMC), Chinese School 
Effectiveness, Adolescents 
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CHAPTER 1.  INTRODUCTION 
Background 
Despite the fact that China has become the world’s second-largest economy by total 
GDP (World Bank, 2018), relatively little is known in other countries about Chinese 
education system and its effectiveness (Organisation for Economic Co-operation and 
Development [OECD], 2016). However, the release of the 2009, 2012, and 2015 
Programme for International Student Assessment (PISA) results, in which Chinese 
students consistently ranked in the top 10 not only in science but also in mathematics and 
reading, has sparked intense discussion about the effects of Chinese education system on 
student achievement (Liang, Kidwai, & Zhang, 2016). China has the largest education 
system in the world with almost 260 million students and more than 15 million teachers in 
about 514,000 schools (National Bureau of Statistics of China [NBS], 2014). 
In terms of traditional cultures and philosophies, education in China has its own 
unique characteristics. Chinese cultures have placed great importance on education, both 
in historical and current societies, because it mainly functions as a ladder for upward 
mobility. Student achievement is not an individual matter but a family (and community) 
affair (Chen, Lee, & Stevenson, 1996; OECD, 2010). Chinese educational philosophy 
considers that innate abilities may determine the rate by which one acquires knowledge, 
but effort is responsible for the ultimate level of achievement. Basically, this educational 
philosophy contends that achievement is possible if students work hard, no matter their 
current levels of ability (Chen et al., 1996). Hence, “it is widely acknowledged that 
entrance exams and strong competition impose the heaviest academic burden on Chinese 
students” (OECD, 2016, p. 38). Wu, Ma, Yuan, and Luo (2016) found that a Chinese 
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eighth-grade student typically spends two to three hours doing homework on a weekday. 
Sun (2015) reported that about 75 percent of students in public elementary and secondary 
schools in Beijing do homework or take extra courses out of school on weekdays, while on 
weekends, 65 percent of students continuously commit time to academic activities and only 
about 35 percent of students spend time in non-academic activities. Chinese students in 
rural secondary schools similarly appear to experience heavy study load. They typically 
spend more than nine hours learning on weekdays and they sleep less than eight hours a 
night on average (Jiang, 2008). This has led to a widespread concern about study overload 
among Chinese K-12 students (Ke, 2013). 
Time is a critical resource for students. Although more time commitment to study 
seems to be the key to better success in academic achievement (Ma, Jong, & Yuan, 2013), 
problems caused by study overload have become increasingly worrisome and controversial 
in China (Chen & Ke, 2012; Ma & Wu, 2014; Tang & Yang, 2013). Reducing heavy study 
load has become a hot topic both inside and outside of education communities. In general, 
public concerns about the negative impact of study overload center on physical and mental 
health as well as the development of basic skills for life (e.g., social skills). In terms of 
physical health, there is, for example, a large proportion of Chinese adolescents with near-
sighted vision, which mainly is caused by overload on study (China’s Ministry of 
Education, 2011). Specifically, about 67 percent of Chinese adolescents in the age range 
of 13 to 15 years are near-sighted, which is the second highest in the world (China’s 
Ministry of Education, 2011). In terms of mental health, students experience serious school 
(study) burnout, which mediates the negative association between study demands (e.g., 
emotional engagement) and mental health outcomes (Mokgele & Rothmann, 2014; Wang, 
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Chow, Hofkensa, & Salmela-Aro, 2015). In describing school burnout of Chinese high 
school students, Hu and Schaufeli (2009) wrote, “Students have to sit in their narrow seats 
from 6:40 a.m. to 8:30 p.m., only interrupted by a few hours for relaxation and meals. Some 
students may feel used up at the end of a day at school because they put their entire energy 
into learning, whereas others are just bored and can hardly wait to leave school” (p. 404). 
Finally, there is the “bookworm” concern. Due to heavy study load, Chinese students 
literally have no time for anything else. They lack basic skills for future life and work (e.g., 
social adaptability), even though their academic achievement (e.g., in math, reading, and 
science) ranks top of the world in international comparative studies (Zhou, 2016). 
The argument of reducing study load has been advanced in China for decades. Since 
1955, the China’s Ministry of Education has issued myriad documents, comments, and 
suggestions regarding reduction of study load. In 2010, Chinese government released the 
State Planning Outline for Medium- and Long-term Education Reform and Development 
(2010-2020), in which reducing study load was listed as one of the top three priorities. In 
2013, the China’s Ministry of Education began implementing a policy that aims to reduce 
study load in elementary and secondary schools. This policy claimed that the time 
elementary school students spend in homework each day should be less than one hour, and 
the time spent by junior high school students in homework should be limited to 1.5 hours 
per day. Furthermore, the China’s Ministry of Education planned to inform the public of 
the ranking of mean study load among all provinces to hold the provinces accountable. 
From the global perspective, the topic of study load has become a critically 
important issue around the world. International comparative studies, such as PISA and  
Trends in International Mathematics and Science Study (TIMSS), have employed “time 
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spent doing homework” as a typical index (measure) of study load (e.g., PISA2012 and 
TIMSS2011). China is not the only country where the entire society—including students, 
parents, and educators—is encountering similar challenges related to study load and facing 
public demand for reducing study load. For instance, although South Korea ranks at the 
top level in student academic achievement in PISA, “reducing the excessive academic 
burden” on students is one of its key educational reforms (OECD, 2014, p. 16). Singapore 
is another example. Although students in Singapore are the most successful in academic 
achievement in PISA, the country’s education authorities recently put a stop to releasing 
the names of top-performing students who from time to time appear in advertisements for 
study aids and tutoring services that encourage students to take extra courses to pursue 
higher academic achievement (Ang, 2012). 
This study aims to investigate the critical issue of learning commitment among 
Chinese students, making use of data provided by the Collaborative Innovation Center of 
Assessment Toward Basic Education Quality at the Beijing Normal University, which has 
systematically collected data from Chinese regional education systems annually since 2013 
for the purpose of monitoring and promoting the quality of China K-12 education. 
Although the data are not representative nationally because not all Chinese provinces take 
part in the assessment, the data are very typical of the general educational practices of the 
Chinese education system as a whole. 
Definition of Terms 
Definitions are provided for the terms used throughout this study. Some 
fundamental and culture-unique concepts are specified here, while others will be presented 
in Chapter Two and Chapter Three. 
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Study load refers to the combined learning-related commitment of students in 
school and after school. This concept pertains to workload and relates closely to time, an 
important resource for students. If students commit more time to academic activities, their 
study load increases. The structure of study load can be reasonably classified as time 
commitment to academic activities in school (i.e., in-school learning), homework time, and 
time commitment to academic activities after school (i.e., after-school learning). Study load 
of in-school learning means taking courses, while study load of after-school learning means 
engaging in extracurricular (academic) activities at school and taking outside-school 
classes offered by a shadow education system or private tutors. Doing regular homework 
assigned by teachers at school or other adults (e.g., parents or private tutors) constitutes 
another dimension of study load. Moreover, study load could be investigated from the 
perspective of weekdays (school days) and weekends. In terms of the Chinese context, it 
would be particularly fruitful to examine study load on both weekdays and weekends. 
Science achievement refers to students’ performance in science. In the current 
study, science achievement is measured by a standardized test from the Chinese national 
student assessment mentioned earlier. science achievement is measured by the 
standardized science test developed in a three-dimensional framework: knowledge 
(physics, biology, and geography), cognition (knowing, understanding, and applying), and 
scientific inquiry competencies (questioning, seeking evidence, and explaining). The 
standardized science test is curriculum-based (i.e., in alignment with school curriculum) 
and competency-oriented. Each item on the test is allocated to the three-dimensional 
framework, addressing one knowledge area at a cognitive level alone with one of the 
scientific inquiry competencies. Most items are situated and developed from science issues 
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and problems in the real world that require students to be able to apply what they learn 
about science to daily-life situations. For example, students are asked to design a scientific 
experiment to test which material is the best for heat preservation. To perform well on this 
test, students need to understand basic concepts of physics, apply the strategy of control 
(variables) for scientific experiments, build proper models, and draw conclusions based on 
evidence they collect.  
The one-child policy was a nationwide, strictly enforced rule that mandated a 
Chinese couple could have only one child. The central government of China initiated it in 
the late 1970s and early 1980s to curb a perceived runaway rate of population growth. This 
heavily debated policy dramatically impacted the current patterns of both Chinese society 
and Chinese families. It contributed to unbalanced sex ratio at birth, with boys far 
outnumbering girls (Wan, 2013). Beyond population control, the policy led to a familial 
norm where a single child is highly likely to occupy the central position in a small nuclear 
family and receive much more attention than a non-single child. Parents concentrate all 
their attention on their single child and in turn set up higher expectations for the child, 
which might cause a significant gap in achievement between single-child and non-single 
child. Researchers found that an only child fared better in academic achievement (Chiu, 
2007; Lu, Zhang, & Xu, 1999). The one-child policy was ended by 2015, meaning Chinese 
couples could have more than one child beginning in 2016. Given that timing, all 
participants in the current study, who were 15 years old when they took the test and survey, 
are from those families influenced by the one-child policy. Hence, one child status will be 
considered as an essential student background attributing as a controlling variable. 
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Left-behind children refer to those children who are left in their hometown while 
their parents (either or both) live and work in different regions in China. In most cases, left-
behind children are taken care by their grandparents or relatives who live in the same 
regions. Many left-behind children do not contact or see their parents often. According to 
2010 China’s 6th Population Census data, 69 million children, or approximately 25 percent 
of children in China, were left behind (China National Working Committee on Children 
and Women [NWCCW], NBS, & United Nations Children's Fund [UNICEF], 2014). 
Insufficient parental companionship and support have caused these children serious 
educational problems and mental issues, such as school absence, school bullying, low self-
esteem, and depression. Left-behind children have been singled out as a special needs 
population that has received great attention from the entire Chinese society (Chen, Yang, 
& Ren, 2015). Researchers reported that significant negative impacts on children’s 
cognitive development from being left behind as well as longer durations of parental 
absence were associated with poorer educational performance (Zhang, Behrman, Fan, Wei, 
&, Zhang, 2014; Zhou, Murphy, & Tao, 2014).  
Migrant children refer to those children who migrate with their parents from one 
rural region to a city. In the Chinese context, featuring rapid economic development and 
urbanization after administering the Open-Door Policy, rural migrants move from 
farmlands and rural areas into more urban regions and developed cities. The population of 
rural migrant workers employed in cities in 2016 was 281.7 million, making up about 35 
percent of the total working force in China (NBS, 2017). The population of children 
influenced by internal migration exceeded 358.1 million in 2010, meaning one out of eight 
children was a migrant child in China (NWCCW, NBS, & UNICEF, 2014). The population 
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increases over the years with the growth of rural migrant workers. Researchers found 
differences in academic achievement between migrant children and local children (Ma, 
2002; Ma et al., 2018; Pong, 2009). Therefore, migrant and left-behind status will be 
considered as essential students’ characteristics acting as controlling variables. 
The homeroom teacher plays a significant role in the Chinese education system, 
and often acts as a substitute parent at school, fulfilling the role of counselor, administrator, 
and disciplinarian. In China, students often do not move between classes. After being 
assigned to a class, students are highly likely to stay in the same class until they graduate. 
The homeroom teacher not only takes responsibility for a class’s administrative affairs, 
such as recording attendance, making announcements, disciplining students, and collecting 
information from students, but also looks after each student’s cognitive development and 
emotional health and offers academic and life advice. Usually, a student is elected by the 
others to serve as a class monitor to assist the teacher with homeroom tasks and act as an 
intermediary between the teacher and other students. The homeroom teacher is common in 
Asian education systems, such as South Korea, Japan, and Singapore. In this study, the 
homeroom teacher will be an important teachers’ characteristic working as a controlling 
variable. 
Purpose of Study 
This study aims to address a core research question of “Can less be more?” 
concerning study load. This idea reflects the philosophy of pursuing efficiency and 
effectiveness on learning, namely that a lighter study load may result in more successful 
academic achievement. In addressing this core research question, emphasis is placed on 
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what teachers and schools can do to promote the idea that less can be more if the answer 
to this core research question is positive.  
Given the conceptual structure of study load, there are five interrelated research 
questions in this study, answers to which are expected to provide a full picture of the issue 
of study load in China, its effects on science achievement among Chinese (eighth-grade) 
students, and what teachers and schools can do to pursue the less-is-more philosophy 
concerning study load on science achievement. Note that each research question will be 
examined in terms of study load on both weekdays and weekends. 
1. What are the structural characteristics of study load among Chinese eighth-
grade students? 
2. Is there any individual difference in study load among Chinese eighth-grade 
students? 
3. What are the characteristics of teachers and schools under which Chinese 
eighth-grade students tend to have a heavier study load? 
4. What are the effects of study load on science achievement without and with 
adjustment for student, teacher, and school characteristics of Chinese eighth-
grade students? 
5. What characteristics of teachers and schools can moderate the relationship 
between study load and science achievement among Chinese eighth-grade 
students? 
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Significance of Study 
Informing Educational Change 
As is obvious from earlier discussion, Chinese educational authorities are eager to 
develop policies that address the public concern of study load among school-aged children. 
Unfortunately, there is a general lack of empirical data or evidence that can be used to 
support these policies. To that extent, current policies are goodwill attempts using the logic 
of trial and error. This study aims to provide some badly needed empirical evidence on 
several issues relevant to study load among Chinese secondary students. The emphasis on 
what teachers and schools can do to help in this national effort is particularly significant. 
Overall, this study can provide research-based empirical evidence for considering new 
policies and reconsidering existing policies concerning study load among secondary 
students in China and beyond. 
Informing School Improvement 
Konstantopoulos (2006) characterized school effects on student science 
achievement as “the school predictors explained nearly 65 percent of the between-school 
variation in student achievement, and this variance reduction is statistically 
significant…This may indicate that science and mathematics are mostly learned in school” 
(pp. 2569-2570). This study intends to tap into the potentially powerful “reserve” of school 
effects to address a specific issue of practical importance. This effort will enrich the school 
effects literature in general and specifically provide fresh insight into school policies and 
practices employing “more with less” as a contemporary educational philosophy. To a large 
extent, this study will serve to inform school improvement concerning study load not only 
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in China but also worldwide as the issue of study load increasingly becomes a global 
concern. 
Promoting Pioneer Research 
Research literature on any issue related to study load is rather thin. For example, 
few studies have investigated the effects of time spent taking courses and tests on academic 
achievement in elementary and secondary schools in western countries. The concept of 
study load is highly critical not only to students as individuals (individual well-being) but 
also to schools collectively (school effectiveness). Therefore, study load is an important 
emerging concept in educational research. Almost all aspects of study load need to be 
investigated empirically, such as the effects of study load on academic achievement that 
contain direct implications for education policies and practices. Thus, this study has the 
potential to be pioneering in this uncharted research field from many perspectives. 
Organization of Dissertation 
The structure of this dissertation is divided into five chapters. Chapter One is an 
introduction to the study and provides an overall picture of study load and academic 
achievement among Chinese K-12 students. It states problems, purposes, and significance 
of the study, while also identifying some culture-unique concepts. Chapter Two presents a 
comprehensive literature review by analyzing and summarizing the status of study load 
around the world as well as relationships between study load and science achievement in 
both historical and current contexts. Furthermore, it displays a theoretical framework to 
address five research questions. Chapter Three introduces the data source and quantitative 
research methodology used to answer the research questions and discusses special 
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statistical issues that may influence the study’s data analysis. Chapter Four reports and 
interprets research findings and draws conclusions. Chapter Five summarizes the key 
research findings and offers implications of those research findings for policymaking. It 
also involves reflections of the study and comments for further research.
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CHAPTER 2.  LITERATURE REVIEW 
Student-Related Difference in Study Load  
In-School Learning 
In-school learning means taking classes and tests. If students commit more time to 
academic activities in school, their study load of in-school learning increases. Course 
enrollment is the most important academic activity to which students commit time in 
school. Gender difference in high school course-taking patterns, especially taking 
Advanced Placement courses or advanced science courses, has been revealed in many 
studies (Ackerman, Kanfer, & Calderwood, 2013; Freeman, 2004; Holmes, Joyner, & 
Slate, 2011; Nissen & Shemwell, 2016; OECD, 2011; Udo, Ramsey, & Mallow, 2004; 
Yoon & Strobel, 2017). For example, Holmes et al. (2011) investigated gender differences 
among high school students enrolled in college preparatory courses in Texas. They found 
that the rates of girls taking advanced science courses were higher than boys for both the 
2006-2007 and 2007-2008 academic years. Similarly, Freeman (2004) reported the gender 
difference of taking AP examinations between 1985 and 2002: 
In 1985, relatively equal numbers of males and females took AP examinations. By 
2002, however, the majority of AP examination takers were female (56 percent). 
Across subject areas, females accounted for the majority of students who took 
examinations in social studies (55 percent), English (64 percent) and foreign 
languages (65 percent). However, males were more likely than females to take 
examinations in calculus, computer science, and science (p. 62). 
To address the issues of gender difference in course-taking, researchers connected 
a lower rate of girls taking science courses to lower self-efficacy in science and higher 
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science anxiety. They also suggested that reducing inequity and motivating girls to take 
more science courses should be considered for policymaking (Nissen & Shemwell, 2016; 
Udo et al, 2004).  
Surveying time spent in regular school lessons, OECD (2011) reported that “socio-
economically advantaged students spend more time than disadvantaged students” (p. 13). 
Parke and Keener (2011) also found the significant socio-economic status (SES) gaps in 
students taking advanced mathematics courses. However, parents can play an essential role 
in motivating their adolescents to take more science and mathematics courses via 
communication and encouragement (Gottfried et al., 2016; Hyde et al., 2017). For instance, 
to address the problem of American youths’ failure to take advanced science courses in 
high school, Hyde et al. (2017) examined mothers’ communication with their adolescents 
regarding taking science courses and reported that a mother’s use of personal connections 
could predict her adolescent’s science interest and utility value as well as enrollment in 
science courses. Gottfried et al. (2016) adopted structure equation modeling (SEM) to show 
the pathway from parental stimulation of children’s curiosity to high school science course 
accomplishments via science intrinsic motivation and science achievement.  
Ethnicity is another factor influencing course selection in school (Davenport et al., 
1998; Iatarola, 2016; Kelly, 2009; OECD, 2011; Yoon & Strobel, 2017). For example, 
Kelly (2009) used data from the National Education Longitudinal Study (NELS) to 
investigate differences in enrollment in mathematics courses by white students vs. black 
students. The findings revealed that the black-white gap in mathematics course enrollment 
is most significant in those schools where black students are in the minority. In another 
study, using 1990 National Assessment of Educational Progress (NAEP) data, Davenport 
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et al. (1998) also reported a sizeable ethnic difference in the incidence of high school 
mathematics course enrollment.  
Homework 
Doing regular homework assigned by teachers at school or other adults (e.g., 
parents or private tutors) constitutes another dimension of study load. Homework has been 
a critical but controversial component of a student’s study load for several decades 
(Cooper, 1989; Maltese, Tai, & Fan, 2012; Xu, 2011). Much research has been conducted 
on gender and the issues of homework, such as homework time, homework completion, 
and homework style (i.e., preference for silence/sound environment, work alone/with 
peers, and informal/formal design). Much of it shows that girls spend more time completing 
homework assignments (e.g., Gershenson & Holt, 2015; Harris, Nixon, & Rudduck, 1993; 
Hong & Milgram, 1999; Wagner, Schober, & Spiel, 2008; Xu, 2011; Younger & 
Warrington, 1996). For instance, Harris et al. (1993) interviewed 57 secondary-school 
students in the United Kingdom about their view of homework and found that girls were 
more committed to homework. Using data from the 2003-2012 waves of the American 
Time Use Survey (ATUS) and transcript data from the Educational Longitudinal Study of 
2002 (ELS), Gershenson and Holt (2015) reported robust and statistically significant 
gender gaps in secondary students’ homework time. They claimed that “on average, 
females spent about 17 more minutes per day on homework than males, a statistically 
significant difference, and there is more variation in female homework time than in male 
homework time” (p. 434). Similarly, Hong and Milgram (1999) examined gender 
differences in homework between American seventh graders and Korean peers of similar 
age. The findings revealed there were gender differences and gender-country interaction 
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on homework style, which means the effect of gender on homework style varies across 
countries. 
Researchers also have paid attention to effects of family characteristics (e.g., 
parental education and involvement) on homework as home-community factors proposed 
by Cooper (1989) (i.e., elements from home and community influencing homework and its 
effectiveness, such as home environment, significant others’ involvement, and competitors 
for student time in community) (Cooper, 1989; Cooper, Lindsay, & Nye, 2000; Hoover-
Dempsey et al, 2001; Patall, Cooper, & Robinson, 2008; Xu, 2011). For example, Xu 
(2011) adopted multilevel analysis of secondary school students’ homework completion. 
He consciously recruited participants from diverse cultural and socioeconomic 
backgrounds and found that, at the class level, aggregated parental education has a positive 
effect on homework completion. In a research synthesis, Patall et al. (2008) reviewed 14 
studies and reported that more parental involvement in a child’s homework translates into 
higher rates of homework completion. The research also suggested that the type of parental 
involvement changes as children move through the school grades.  
Furthermore, immigrant status, grade level, and students’ motivation-specific 
facets, such as interest, self-regulation, and volition, are student-related factors 
significantly impacting their time commitment to homework (Bang, 2012; Cooper, 1989; 
OECD, 2011; Xu & Yang, 2013; Yang, Xu, Tan, & Liang, 2016; Zhu, Haegele, Tang, & 
Wu, 2017). For instance, Zhu et al. (2017) analyzed data from the 2014 Physical Fitness 
and Health Index of Child and Adolescents (PFHICA) study and found a longer homework 
time for Chinese secondary students during transition grades (6th, 9th, and 12th). Chen, 
Adams, Qu, Wang, and Chen (2013) stated that migrant children attending migrant schools 
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have lower academic engagement compared to their rural peers of non-migrant parents. 
Yang et al. (2016) argued that motivation management and homework interest have 
negative associations with student spending hours on their math homework. That indicates 
students who are more interested in homework are more efficient in doing homework. 
After-School Learning 
After-school learning means engaging in extracurricular activities, taking outside-
school classes offered by tutoring services, and committing to self-learning activities (e.g., 
online learning). To some extent, “after-school learning,” “after-school programs,” 
“outside school time,” “expanded time,” or “extracurricular activities” could be 
interchangeable (Noam & Shah, 2014; Suter, 2016). As Noam and Shah (2014) define 
“outside school time” (OST) as:  
Programs that offer activities that may or may not align with school curricular; that 
focus on youth development and enriching learning activities; and can take place 
in a school setting, local community center, or museum on weekdays, weekends or 
during the summer (p. 201).  
OECD (2011) studied out-of-school learning time for students across 57 countries 
and economies and reported: 
In three OECD countries and one partner country, females spend more time than 
males in out-of-school-time lessons in science, while males spend more time than 
females in 16 OECD countries and 10 partner countries and economies. In five 
OECD countries and one partner country, females spend more time than males in 
out-of-school-time lessons in mathematics, while males spend more time than 
females in ten OECD countries and five partner countries and economies. In ten 
18 
 
OECD countries and six partner countries and economies, females spend more time 
than males in out-of-school-time lessons on the language of instruction, while 
males spend more time than females in nine OECD countries and seven partner 
countries and economies (p. 45).  
In another study, Lin, Hsieh, and Chen (2015) adopted the Taiwan Education Panel 
Survey and latent growth curve modeling to conduct a longitudinal study for the 
exploration of effect of after-school learning between high school students with different 
family socioeconomic statuses. The results showed that those students with higher family 
socioeconomic status are more likely to participate in after-school learning and to have 
higher self-expectations. Similarly, Zhou and Wang (2015) used the 2009 PISA data to 
analyze the effect of family SES on the intensity of students’ extra lessons attendance in 
Shanghai, Taiwan, Hong Kong, and Macao. The finding confirmed that high-SES students 
commit more time each week in after-school learning. 
Meanwhile, using nationally representative data spanning 1995 to 2005, Hynes and 
Sanders (2011) examined race differences in children’s participation in after-school 
programs and found that African American children ages 6 to 12 are more likely to attend 
after-school programs than white children. In most countries, students with migrant 
backgrounds are more likely to spend more time in out-of-school lessons in science, 
mathematics, and reading, compared with their peers with native backgrounds (OECD, 
2011). “On average across OECD countries, and after adjusting for differences in socio-
economic background, students with an immigrant backgrounds spend 40 minutes per 
week more in out-of-school-time lessons than native students” (OECD, 2011, p. 49). Using 
the 2006, 2009, and 2012 PISA data, Suter (2016) found that a slightly positive association 
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between students’ self-efficacy in science and hours spent on after-school science learning. 
In addition, researchers studied the effect of grade level on students’ commitment in private 
supplementary tutoring after school (Bray, 2013; Zhang, Bray, 2015). For example, “over 
half of Hong Kong’s secondary students receive private supplementary tutoring, and in the 
last grade of secondary schooling the proportion exceeds 70%” (Bray, 2013, p. 18). Korean 
National Statistical Office reported that in 2008, the average participation rate of after-
school learning for Korean elementary school students were 87.9%, while the average 
participation rate of after-school learning for Korean middle school students was 72.5% 
(Kim, 2010). 
Teacher-Related Difference in Study Load 
Teachers are the agents for processes of schooling, responsible directly for students’ 
in-school learning and homework. “Compared with the school-organized exams, the exams 
held by the class lead to more burden and pressure to the students” (Tao et al., 2017, p. 
133).  Many studies have demonstrated that teachers’ perspectives, teaching strategies, and 
teacher feedback significantly impact students’ study loads, especially regarding 
homework (Cooper, 1989; Epstein & Van Voorhis, 2001; Bang, 2012; Núñez et al., 2015; 
Paschal, Weinstein, & Walberg, 1984; Xu 2011; Xu, Costs, & Davidson, 2012).  
Homework process begins with teachers who choose the topics and content to help 
students meet particular learning goals, which not only reflects teachers’ knowledge of the 
curriculum, but also their understanding of the needs and situations of their students 
(Epstein & Van Voorhis, 2001; Tas, Vural, & Öztekin, 2014). Epstein and Van Voorhis 
(2001) argued that “when teachers design homework to meet specific purposes and goals, 
more students complete their homework and benefit from the results, and more families 
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remain involved in their children’s education through the middle grades” (p. 191). Tas et 
al. (2014) surveyed Turkish school science teachers’ homework practices, the value 
attached to homework, and communication with parents about homework. They reported 
that “teachers were more likely to place value on homework if class size was small; 
teachers who placed value on homework were more likely to communicate with parents 
about homework, and communication with parents facilitated students’ homework 
completion” (p. 45).  
Xu et al. (2012) conducted a qualitative study to investigate perspectives of 
exemplary African American teachers toward science homework. They found that teachers 
shared a strong sense that homework is an important vehicle in science learning. To help 
their students attain success with their homework, those teachers often offered additional 
provisions and used a variety of strategies to promote students’ interest in homework. 
Trautwein, Niggli, Schnyder, and Ludtke (2009) examined whether teachers’ homework 
objectives and implementation practices are associated with the development of homework 
effort and emotions among eighth graders. The findings reveal that a low emphasis on drill 
and practice tasks and a high emphasis on motivation were associated with favorable 
developments in homework effort.   
Furthermore, classroom follow-up is a critical component of the model of factors 
influencing homework effectiveness, which includes teachers’ feedback, such as written 
comments, grading, and incentives (Cooper, 1989). There are complex and controversial 
effects from teachers’ feedback and their perception of homework quality on students’ 
homework completion, emotion, and time commitment. For example, Xu (2011) adopted 
multilevel analysis of secondary school students’ homework completion. The finding 
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reveals that aggregated teacher feedback at the class level has a positive effect on 
homework completion. Similarly, Trautwein et al. (2009) found that teachers’ support of 
student autonomy when completing homework is associated with more homework effort 
and more positive homework emotions. Trautwein, Lüdtke, Schnyder, and Niggli (2006) 
used 1,501 Swiss eighth graders to explore the link between teacher homework control and 
student homework effort. They reported that, at the student level, teacher homework 
control has a statistically significant and positive effect on homework effort; however, at 
the class level, high homework control does not predict higher overall class effort on 
homework. Dettmers et al. (2011) used multilevel analyses on a longitudinal dataset that 
contains 3,483 secondary students. They reported that the teacher’s perception of quality 
of homework affected students’ feelings of unpleasant, homework-related emotions that 
were negatively related to homework effort. Núñez et al. (2015) studied the relationships 
between teacher feedback and students’ homework-related behaviors and found that 
teacher feedback as perceived by students is positively and significantly related to the 
amount of homework completed and to the perceived quality of homework time 
management, but not to the amount of time spent on homework. They argued that teacher 
homework feedback has an indirect relationship to students’ academic achievement by its 
effect on students’ homework-related behaviors and suggested that future studies are 
needed “to understand why students do more or less homework, why they spend more or 
less time on homework, and why they are more or less effective in managing the time they 
spend on homework” (p. 214).  
School-Related Difference in Study Load 
Feniger (2011) used logistic regression to analyze a large representative sample of 
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Israeli Jewish high school students to explore gender difference in advanced math and 
science courses between co-educational and same-sex schools. The study found that girls 
at all-female religious schools did not differ from girls at co-educational schools in 
placement in advanced math, physics, and biology courses, but the girls took advanced 
computer science courses at a much higher rate.  
Students in socio-economically advantaged schools are more likely to be required 
to attend at least one science course per week (OECD, 2018). In other words, disadvantaged 
schools have fewer qualified science teachers and also are less likely to require students to 
take science classes (OECD, 2018). In addition, disadvantaged schools offer fewer learning 
opportunities for students after school. “The range of learning opportunities beyond regular 
classes is much narrower in disadvantaged schools, as these schools tend to offer fewer 
extracurricular activities, such as science competitions and clubs, sports, and music and 
arts activities” (OECD, 2018, p. 14).  
 “Students in public schools tend to spend more time in out-of-school-time lessons 
than students in private schools” (OECD, 2011, p. 49). Moreover, students in academic 
schools are more likely to attend after-school lessons, especially for science and 
mathematics, than students in vocational schools” (OECD, 2011). Furthermore, PISA 2006 
data showed that “in most countries, students in urban schools are more involved in out-
of-school-time lessons taught by non-school teachers” (OECD, 2011, p. 50). Overall, 
students in academic schools, in private schools, and in urban schools are likely to commit 
time to after-school learning with non-school teachers, compared to their counterparts.  
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IPO Model 
Since Purkey and Smith’s (1983) initial adoption, the input-process-output (IPO) 
model has remained as a popular theoretical framework for research on school 
effectiveness “to guide the selection of variables and specification of statistical models” 
(Ma, Ma, & Bradley, 2008, p.62). Good and Brophy (1986) appreciated the IPO model for 
measuring the behavioral and perceptional processes that function inside the “black box” 
of schools and classrooms. In the present study, a core research question of “Can less be 
more?” concerning study load is to be addressed. This idea reflects the philosophy of 
pursuing efficiency and effectiveness on learning, namely that a lighter study load may 
result in more success in academic achievement. In addressing this core research question, 
emphasis is placed on what teachers and schools can do to promote the idea that “less can 
be more” if the answer to this core research question is positive. Hence, the research 
purposes fit well into the IPO model. In the IPO model, schools with different context and 
climate “process” students, who bring individual and family characteristics (input), through 
policies and practices into different categories of schooling outcomes (output), such as 
science achievement (Ma, et al., 2008). 
School processing variables are typically classified by researchers into two types: 
context and climate. Contextual variables are the “hardware” of a schooling system. 
Examples are size (number of students), educational resources, characteristics of student 
and teacher bodies, per-student expenditure, as well as existence of schools competing for 
students. Climatic variables are the “software” of a schooling system, descriptive of 
education policies and practices, such as school culture, academic pressure, parental 
involvement, principal leadership, school autonomy, and extracurricular activities. The 
estimation of climatic effects is emphasized based on the adjustment of contextual effects, 
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given that climate is more likely under the control of administrators, teachers, parents, and 
other schooling-related authorities (Ma et al., 2008). 
The IPO model can be operationalized perfectly in the analytical framework of 
what is referred to as multilevel modeling (see Raudenbush & Bryk, 2002). According to 
Ma et al. (2008), such a multilevel model adequately controls the characteristics of student; 
examines the distribution of schooling outcomes across students, teachers, and schools; 
and identifies salient contextual and climatic characteristics (both teacher and school 
factors) that process students into different categories of schooling outcomes. Moreover, 
the IPO model was adopted in the dissertation because it views “process” as the connection 
between input and output and its emphasis on both context and climate will bear 
meaningful policy implications. This dissertation will examine which teacher and school 
factors may moderate the association between study load and science achievement. The 
findings will provide research-based empirical evidence to inform school improvement 
concerning study load not only in China but also worldwide, as the issue of study load 
increasingly becomes a global concern. 
Student Effect of Study Load on Academic Achievement 
Associations between study load, especially homework, and academic 
achievement have been an issue of interest to academic researchers for several decades 
(e.g., Cooper, 1989; Cooper, Robinson, & Patall, 2006; Ma et al., 2013; Maltese et al., 
2012; Paschal et al., 1984; Trautwein, 2007). However, researchers have not agreed on 
whether students who have a heavier study load tend toward more success in academic 
achievement.  
Some studies have shown that students attending classes at school are more 
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successful in academic achievement (OECD, 2007, 2011, 2018; Perera, Kanapathippillai, 
& Wines, 2016; Riegle-Crumb & Grodsky, 2010; Smith & Hausafus, 1998). Perera et al. 
(2016) reported a positive association between study load measured by using the “number 
of units enrolled” and student performance. Similarly, Riegle-Crumb and Grodsky (2010) 
used data from the Education Longitudinal Study of 2002 and found that “the processes 
leading to racial/ethnic differences in mathematics achievement seem contingent on the 
level of mathematics courses (advanced vs. not) students complete” (p. 263). Moreover, 
Smith and Hausafus (1998) investigated involvement of parents of ethnic minority 
students. The findings demonstrated students whose parents help them see the importance 
of taking advanced science courses and visit science exhibits and fairs with them are more 
likely to succeed in science. Conversely, OECD (2018) described the negative association 
between not taking science lessons at school and science achievement as: 
Students who do not attend any science lessons at school score 44 points lower in 
science than students who attend at least one science course per week, and in 21 
countries and economies, the difference is at least 50 points. Their poor 
performance may be one of the reasons why these students do not take science 
courses in the first place; but cutting them off entirely from school science may 
only widen the gap with their better-performing peers (p. 12). 
The relationship between homework and academic achievement, which is complex 
and controversial, is still open to question (Eren & Henderson, 2011; Maltese et al. 2012; 
Rønning, 2011; Rosário et al., 2015; Trautwein et al., 2009). Paschal et al. (1984) 
synthesized 15 published and unpublished studies to examine the homework-achievement 
association and reported that “about 85% of the effect size favored the homework groups. 
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The mean effect size is .36 (probability less than .0001)” (p. 97). Cooper et al. (2006) 
reviewed research conducted in the U.S. from 1987 to 2003 on the effects of homework 
and found that there was generally consistent evidence for a positive influence of 
homework on achievement. Trautwein (2007) used PISA datasets to compare the 
differentiating effects of homework time, homework frequency, and homework effort on 
achievement. Results indicated that homework assignments are positively associated with 
achievement (class-level effect) and that doing homework is associated with achievement 
gains (student-level effect). However, Eren and Henderson (2011) adopted data from the 
National Educational Longitudinal Study of 1988 (NELS:88) to examine the effect of 
homework on mathematics, science, English, and history test scores for eighth grade 
students in the United States. Results show that except in mathematics, additional 
homework in science, English, and history have little-to-no impact on their respective test 
scores. Similarly, Rønning (2011) argued that the test score gap is larger in classes where 
everybody gets homework than in classes where nobody gets homework. In another study, 
Trautwein et al. (2009) suggested that the strength and direction of the homework-
achievement association depend on the homework indicator (e.g., frequency of homework 
assignments, homework time, and homework effort) chosen and differ to some degree 
across analytical levels.  
Furthermore, gender and parental involvement in homework seem to be moderators 
of the homework-achievement association (Cooper et al., 2000; Hoover-Dempsey et al., 
2001; Patall et al., 2008; Wagner et al., 2008). For instance, Wagner et al. (2008) found 
that gender is the moderating variable in the relationship between time investment and 
academic achievement. Patall et al. (2008) conducted a meta-analysis of 14 studies that 
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examined the link between parental involvement in homework and achievement-related 
outcomes. Results show positive effects of parental involvement on achievement for 
elementary school and high school students but a negative effect for middle school students 
as well as a stronger association for parent rule-setting compared with other involvement 
strategies. In other words, students who perceive parental support and competence to help 
with homework are more likely to achieve higher performance (Dumont et al., 2012). 
Similarly, O’Sullivan, Chen, and Fish (2014) found that “provision of structure is the most 
prevalent method of involvement in mathematics homework among low-income parents, 
regardless of their child’s achievement level. Parental provision of structure contributes 
significantly to children’s grades in mathematics” (p. 55). They also suggested that it is 
significant to encourage low-income parents to know they can help their adolescents 
succeed in mathematic even they cannot offer direct assistance for doing homework.   
In addition, grade level and students’ affective factors also can influence the 
homework-achievement association (Chang, Wall, Tare, Golonka, & Vatz, 2014; Cooper, 
1989; Cooper et al., 2000; Dettmers et al., 2011; Kitsantas, Cheema, & Ware, 2011; 
Trautwein & Lüdtke, 2009; Zimmerman & Kitsantas, 2005). “The relation between time 
spent on homework and achievement is weaker for students in elementary school than 
secondary school” (Cooper & Valentine, 2001, p147). Specifically, Cooper (1989) stated 
that a stronger correlation existed for students in grades 7 through 12 than in Kindergarten 
through 6; and the optimum amount of homework also varies with grade level and for 
junior high school student achievement continues to improve with homework time lasting 
between 45 to 75 minutes.  
Finally, Lin et al. (2015) described the effect of family SES on the relationship 
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between after-school learning and achievement as 
The higher family socioeconomic status the adolescent students have, the more 
summer or after-school learning they would participate and also the higher self-
expectations they would have, which would further help them to achieve better learning 
performance in their adolescence and result in a higher growth rate of learning than their 
counterparts of low family socioeconomic statuses (p. 49).  
Teacher Effect of Study Load on Academic Achievement 
Teachers’ homework feedback, homework follow-up practices, and teaching 
strategies can influence the associations between study load and academic achievement 
(Bang, 2012; Cooper, 1989; Dettmers et al., 2011; House, 2004; Núñez et al., 2015; Paschal 
et al., 1984; Rosário et al., 2015a, 2015b; Trautwein et al., 2009). Paschal et al. (1984) did 
a synthesis of 15 published and unpublished studies to examine the effects of homework 
on academic achievement and concluded that “homework appears to benefit learning, 
especially if graded and commented upon” (p. 104). They also reported the effect size of 
homework with teachers’ grades or comments on academic achievement is .80.  
Meanwhile, Núñez et al. (2015a) asserted that homework feedback from teachers 
has an indirect relationship to students’ academic achievement by its effect on students’ 
homework-related behaviors. Similarly, Dettmers et al. (2011) described an indirect 
relationship between teacher feedback, student homework-related emotion, and academic 
achievement, as “perceived quality of the homework tasks assigned by the teacher affected 
students’ experience of unpleasant homework-related emotions. Moreover, the experience 
of unpleasant emotions during homework sessions was negatively related to homework 
effort and negatively predicted later achievement in mathematics” (p. 25). 
29 
 
In other study, Rosário et al. (2015b) conducted a randomized-group design to 
analyze five types of homework follow-up practices on the outcome of English as a foreign 
language (EFL). They assigned 26 teachers to use one type of homework follow-up 
practices in classes once a week, and after six weeks, they gave students an EFL exam as 
an outcome measure. Results show that three types of homework follow-up practices (i.e., 
checking homework orally, checking homework on the board, and collecting and grading 
homework) have positive effects on students’ performance. Trautwein et al. (2009) 
examined whether teachers’ homework practices are associated with development of 
students’ homework effort and academic achievement for eighth graders. Findings revealed 
that “a low emphasis on drill and practice tasks and a high emphasis on motivation were 
associated with favorable developments in homework effort and achievement” (p. 176).  
Additionally, House (2004) used the Japanese sample from the 1999 TIMSS to 
identify factors that are associated with effective teaching in mathematics and found that 
students whose teachers assigned homework more frequently and used things from daily 
life to solve problems tended to show higher mathematics achievement.  
School Effect of Study Load on Academic Achievement 
Schools are perhaps one of the most important social institutions for preparing 
students to meet the demands from a rapidly changing society in the 21st century. Our 
schooling systems take the responsibility to facilitate each student to success in academic 
achievement. Although Young, Reynolds, and Walberg (1996) concluded that individual 
factors have superior effects over school factors in predicting academic achievement, they 
emphasize the fact that “large-scale studies of science achievement have revealed greater 
school-level variations and, therefore, greater school effects” (p. 277). Ma, Wu, Yuan, and 
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Luo (2018) reported that across physics, biology, and geography, schools are able to 
explain 10% to 14% of variance in science achievement. Also, Konstantopoulos (2006) 
characterized school effects on student science achievement in this way: 
In science, rural schools and schools with low proportions of minority students had 
higher achievement, on average, than other schools. The between-school variation 
in science achievement (unconditional model) was 21% of the total variation. The 
school predictors explained nearly 65% of the between-school variation in student 
achievement, and this variance reduction is statistically significant. … School 
effects measured as between-school variation were more pronounced in science and 
mathematics than in reading. This may indicate that science and mathematics are 
mostly learned in school (pp. 2569-2570). 
At the same time, our schooling systems also take responsibility to allocate 
appropriate study load and improve efficiency and effectiveness of teaching and learning 
at school. Science achievement is on average higher in schools with longer instruction 
hours (OECD, 2007). Sun, Bradley, and Akers (2012) utilized data from the 2006 PISA 
Hong Kong sample to explore individual and school factors that influence science 
achievement of 15-year-old students. They reported that at school level, quantity of 
instruction (the time spent per week engaged in science instruction at school) positively 
influences student learning in science. However, it is not the case with more time 
commitment in after-school learning. OECD (2018) asserted that “school systems where 
students spent more time learning after school, by doing homework, receiving additional 
instruction or in private study, tend to perform less well in science” (p. 11).   
In another study, Wu et al. (2016) investigated school effects of study load on 
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science achievement of Chinese eighth grade students. Findings revealed that principal 
leadership and mean study load within the school (e.g., mean homework hours and test 
load within the school) can moderate the individual effects of study load on science 
achievement. They explained the findings as: (1) in those schools where principal 
leadership is more democratic (e.g., giving teachers the opportunities to make decisions 
about teaching), the effect of homework hours on science achievement is weaker; (2) in 
those schools where the average study load was high, science achievement was less 
dependent on time commitment to learning activities (e.g., doing homework). 
Chinese Context 
Chinese Science Education 
At the dawn of the 21st century, with a goal to improve the quality of modern 
Chinese education, China started its “New Curriculum Reform” considered as the most 
comprehensive, most extensive, and also most controversial curriculum reform since 1978 
when China opened its door to the world (Wang, 2012). Improving science literacy for all 
students has been one of the most important objectives in the new science curriculum 
designed to cultivate every student into a citizen with skills of scientific thinking and 
problem solving to thrive in a modern society enhanced by science and technology. 
Specifically, elementary school students study a form of integrated science; students of 
middle schools study either an integrated science curriculum or separated science curricula 
(physics, chemistry, biology, and geography) with decision made by regional educational 
systems; and high school students study separated science curricula. Each science 
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curriculum evolves across grade levels and contains both compulsory and optional chapters 
at each grade level. 
The curriculum reform advocates classroom practice to take on a student-centered 
approach rather than a teacher-centered or textbook-centered approach, with an emphasis 
on the adaptation of curricular materials relevant to the daily life of students, the 
experience-based learning approach, and the constructive interaction between teachers and 
learners (China’s Ministry of Education, 2001; Huang, 2004; Wang, 2012). Scientific 
inquiry becomes the major “trademark” of science education, in parallel to scientific 
content (see China’s Ministry of Education, 2001). Science teachers are strongly 
encouraged to adopt an inquiry-based teaching approach based on students’ daily 
experiences about the natural environment and local resources. Science instruction 
emphasizes the development of knowledge in science and processing skills in science as 
well as attitudes toward science. 
Chinese Culture Issues 
Chinese culture places great importance on education, both in historical and current 
societies. Education plays an important role for Chinese people as a ladder for upward 
mobility (Chen et al., 1996; OECD, 2010). At the same time, collectivism characterizes the 
Chinese culture in which collective efforts and goals are emphasized over individual 
difference (Ho & Hau, 2008). Therefore, “students’ achievement is not an individual matter 
but a family (and community) affair. Not surprisingly, parents and communities are highly 
involved in children’s education” (Li et al., 2010, p. 105). Furthermore, Chinese culture 
emphasizes the malleability of human beings. Chinese people believe that achievement is 
possible if they work hard, regardless of their current levels of ability. They consider that 
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innate abilities may determine the rate by which one acquires knowledge, but effort is 
responsible for the ultimate level of achievement (Chen et al., 1996).  
A comparative study among Chinese, Japanese, and American parents tells us that 
on average Chinese and Japanese mothers attached greater significance to effort than did 
American mothers; on the other hand, American mothers assigned greater importance to 
ability than Chinese or Japanese mothers (Chen et al., 1996). Researchers also found that, 
related to Chinese people’s strong beliefs in the importance of effort expenditure on 
achievement, parents set high standards for their children and spent a large amount of time 
supervising and assisting their children with school work (Chen et al., 1996; Li et at., 2010; 
Yang et al., 2016). Chinese parents spent twice as much time helping their children with 
school work as did the American and Japanese parents (Chen et al., 1996). Yang et al. 
(2016) found that family perfectionism explains the variance in psychological outcome 
(perceived performance level) over personal perfectionism. In a word, cultural and family 
factors play critical roles, which have indirect but significant effects on students’ 
performance.  
Influenced by Chinese culture and educational philosophy mentioned above, 
Chinese K-12 education is mainly characterized as placing a strong emphasis on coherent, 
rigorous, and in-depth curriculum development; a strong focus on teacher-centered 
instruction, logistic reasoning, and theoretical thinking; and a heavy study load centered 
around the highly competitive National College Entrance Examination (OECD, 2010; Su, 
Goldstein, & Su, 1995; Wang, Wang, Zhang, Lang, & Mayer, 1996). These policies and 
practices in the Chinese educational system appear to work, judging by the 2012, 2015 
PISA in which Chinese students ranked in the top 10 not only in science but also in 
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mathematics and reading among participating educational systems (OECD, 2014; OECD, 
2018). Nonetheless, China continues to seek educational reforms to improve the quality 
and equity of basic education along with the wave of educational reforms around the world. 
Student Factors Influencing Science Achievement 
Among student factors, gender, socio-economic status (SES), and racial-ethnic 
differences in academic achievement all manifest in Chinese education (Jamison & Van 
Der Gaag, 1987; Lai, 2010; Lam & Lau, 2014; Liu & Lu, 2008; Ma, Yuan, & Luo, 2016; 
Park & Hannum, 2001; Sun et al., 2012; Zhao, Valcke, Desoete, & Verhaeghe, 2012). For 
example, Lai (2010) examined gender gaps in academic achievement among Beijing 
students and found a significant female dominance throughout primary and middle school, 
even though boys gradually caught up during middle school, especially in science and math. 
However, Wang and Staver (1997) argued that boys received higher scores in science 
among Chinese ninth-grade students. Using the data from PISA 2006 Hong Kong samples, 
other researchers also asserted boys outperformed in science (Lam & Lau, 2014; Sun et al., 
2012). In addition, SES is a remarkable factor, which remains one of the most powerful 
factors that influence academic achievement (OECD, 2007). Typically, students with 
higher SES tend to be more successful in academic achievement (National Center for 
Education Statistics [NCES], 2011, 2012; Martin et al., 2008; Martin, Mullis, Foy, & 
Stanco, 2012; OECD, 2007). Challenges emerging from Chinese modern society featuring 
high Gini index (measuring the wealth gap between the rich and the poor) and imbalanced 
distribution of educational resources have encouraged researchers to pay more attention to 
the association between SES and academic achievement (Lam & Lau, 2014; Liu & Lu, 
2008; Ma et al., 2016; Sun et al., 2012; Zhao et al., 2012). 
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On the other hand, some unique characteristics of Chinese modern society, such as 
the decades-long, one-child policy (loosened recently), internal migrant (from rural to 
urban), and left-behind child issues caused by the separation of parents and children, have 
dramatically shaped Chinese individual differences in academic achievement. For instance, 
Pong (2009) examined the effects of migrant students from mainland China in Hong Kong 
on science achievement and found that migrant students performed better than their native 
peers when the grade levels were controlled. Moreover, in line with Bandura’s social 
cognition theory, motivation and self-efficacy seem to be the “triggers” or “engines” of 
learning, and in turn, influence students’ academic achievement (Bandura, 1986). 
Researchers have confirmed that these factors similarly impact Chinese students’ academic 
achievement (Chen, He, Zhang, & Chen, 2014; Ho & Hau, 2008; Liu & Zhang, 2000). 
Researchers found that both interest in science and enjoyment of science are crucial to 
success in science achievement (Chang & Cheng, 2008; Lam & Lau, 2014). In contrast, 
anxiety in learning has a significantly negative impact on academic achievement (Xu & 
Yang, 2013). Students overloaded on study might experience higher-level anxiety in 
learning that causes serious school (study) burnout, which mediates the negative 
association between study demands (e.g., emotional engagement) and mental health 
outcomes (Wang et al., 2015) and in turn negatively influences academic achievement.  
Teacher Factors Influencing Science Achievement 
The fact that teachers play essential roles in curriculum implementation has already 
been proven in plenty of studies that have demonstrated the clear effect of teacher-related 
factors on academic achievement (Darling-Hammond, 2000; Kyriakides, Christoforou, & 
Charalambous, 2013; Wayne & Youngs, 2003). Based on a large-scale assessment in 
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Beijing, Zhang, Hao, and Li (2012) found that teacher gender, experience in teaching, and 
education significantly influence students’ academic achievement. Ma et al. (2016) 
reported that teacher experience (i.e. percentage of teachers in each professional title) was 
related to within-school socioeconomic gaps in science achievement. Chu et al. (2015) 
claimed that the teacher’s professional title and teaching experience have positive impacts 
on student academic achievement and the teacher’s professional title serves as a greater 
benefit to those students from financially poor families. Teachers’ pedagogical content 
knowledge can influence students’ academic achievement (e.g., Loughran, Berry, & 
Mulhall, 2012). Moreover, in order to improve teacher effectiveness, China has developed 
and implemented a series of intensive national training programs referred to as “National 
Plans” (see Chinese Government, 2010). As a result, professional development, such as 
school-based learning community and in-service training through teaching-research groups, 
has been demonstrated to have positive effects on students’ academic achievement 
(Kennedy & Lee, 2008; Liang et al., 2016; Philipson & Lam, 2011; Thomas, Peng, & Li, 
2015; Ren et al. 2012).   
Most researchers seem to agree that higher teacher expectation tends to produce 
more success in students’ academic achievement, both at individual and class levels (e.g., 
De Boer et al., 2010; Jussim & Harber, 2005; Zhang, 2014). However, Tan and Yates (2011) 
argued that expectation from teachers and parents to excel academically is a possible source 
of intense stress for many students in some Asian countries that highly value Confucian 
heritage culture, such as China. The question of how teacher expectation affects students’ 
learning outcomes is still open.  
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Furthermore, numerous studies have demonstrated that classroom practice, as a 
critical component of teacher factors, impacts Chinese student academic achievement (e.g., 
Li & Ni, 2006; Philipson & Lam, 2011; Wang & Luo, 2012; Wu, Zhang, & Xin, 2008). 
For example, Li and Ni (2006) found that classroom discourse significantly predicted 
Chinese elementary school students’ mathematics achievement. Wang and Luo (2012) 
concluded that by controlling students’ characteristics and school context as well as school 
management science classroom practice that features student-centered and inquiry-based 
still significantly and positively predicts science achievement and uniquely contributed to 
5.8 percent of variance in science achievement. In terms of Chinese new science curricula, 
science teachers are strongly recommended to adopt inquiry-based instruction in their 
classes. Inquiry-based instruction is based on students’ experiences in the world, in order 
to improve students’ understanding of science and knowledge about science, development 
of problem-solving skills, and proper attitudes toward science as well.  
School Factors Influencing Science Achievement 
In China, school effectiveness on students’ academic achievement is substantial, 
especially in Western China (Thomas et al., 2015). For context factors, Liu (2006) reported 
that urban schools that are effective in promoting student academic achievement 
demonstrate optimal opportunities for teachers to participate in professional development, 
decision making, and strong expectations for students to pursue prestigious education and 
occupation. Based on the analyses of PISA 2006 Hong Kong samples, researchers found 
that school size and school mean SES are significant predictors of students’ science 
achievement (Lam & Lau, 2014; Sun et al., 2012). Meanwhile, using data from the 2009 
and 2011 (Chinese) Student Academic Achievement Evaluation (SAAE), administered by 
38 
 
the China’s Ministry of Education, researchers also claimed that school mean SES 
significantly predicts students’ science achievement and within-school socioeconomic 
gaps in science achievement (Ma et at., 2016; Wang & Luo, 2012). In addition, Du and 
Yang (2011) found that school facilities affect both achievement and adaptability in middle 
school, while school type and classroom practice are effective predictors of student 
academic adaptability in elementary school. Climate factors, such as school culture and 
teacher-student relationship, significantly influence Chinese students’ science achievement 
(Wang & Luo, 2012; Zhang, Li, & Xin, 2011; Zhao, 2014). In particular, principal 
leadership is an important index of school effectiveness. Thomas et al. (2015) claimed two 
important behaviors by principals, namely, offering support and encouraging teachers to 
participate in decision making on school affairs, are significantly and positively correlated 
to students’ academic achievement in the National College Entrance Examination.  
China has the largest educational system (with about 514,000 schools) in the world. 
However, in a review of articles concerning school effects published from 1994 to 2009 in 
China, Wang and Chen (2010) found only 12 empirical studies. The lack of empirical 
studies on effective schools in one of the largest educational systems in the world is 
unfortunate because research on effective Chinese schools may offer considerable insights 
for educational policy and practice in many developing parts of the world. 
Summary: Efficiency and Effectiveness 
The present study aims to address a core research question of “Can less be more?” 
concerning study load. This idea reflects the philosophy of pursuing efficiency and 
effectiveness in learning, namely that a lighter study load may result in more success in 
academic achievement. In addressing this core research question, emphasis is placed on 
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what teachers and schools can do to promote the idea that “less can be more” if the answer 
to this core research question is positive. From the comprehensive literature review, some 
implications with regard to efficiency and effectiveness can be concluded: 
At the student level, studying science at school is more effective than devoting more 
time to learning science after school. Meanwhile, spending more time learning at school is 
more significant on science than on mathematics or the language of instruction. However, 
it is not the case when committing more time learning science after school (OECD, 2018). 
Additionally, more family support, such as more parental involvement in homework, seems 
to have a positive effect on the homework-achievement association. Researchers have 
found that, related to strong beliefs in the importance of effort expenditure on academic 
achievement, Chinese parents set high standards for their children and spent a large amount 
of time supervising and assisting their children with school work (Chen et al., 1996; Li et 
at., 2010; Yang et al., 2016). In contrast, students overloaded on study might experience 
higher-level anxiety in learning that causes serious school (study) burnout, which mediates 
the negative association between study demands (e.g., emotional engagement) and mental 
health outcomes (Wang et al., 2015), and in turn negatively influences academic 
achievement. Therefore, the present study with the core question of “Can less be more?” 
regarding the relationship between study load and science achievement may critically 
challenge the extreme importance attached to individual effort, which is rooted in the 
Chinese culture.  
At the teacher level, teachers’ homework feedback, homework follow-up practices, 
and teaching strategies may affect the associations between study load and academic 
achievement. Teachers’ homework feedback has an indirect relationship to students’ 
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academic achievement by its effect on students’ homework-related behaviors (Núñez et al., 
2015). Effect size of homework with teacher graded or comments on academic 
achievement is .80 (Paschal et al., 1984). Furthermore, students whose teachers used things 
from daily life to solve problems tended to show higher academic achievement (House, 
2004). Therefore, the present study will examine the effect of inquiry-based science 
teaching (IBST) on the relationship between study load and science achievement. In terms 
of implications from IBST for science education: IBST may improve teacher effectiveness 
on students’ learning and its outcomes because it helps students develop positive attitudes 
when they face challenges in science and learn how to raise hypotheses and test them by 
designing fair experiments and evaluate evidence with diverse and critical thinking, as well 
as make appropriate conclusions based on evidence students collect. 
At the school level, OECD (2018) asserted that “school systems where students 
spent more time learning after school, by doing homework, receiving additional instruction 
or in private study, tend to perform less well in science” (p. 11). School climate factors, 
such as principal leadership and mean study load within the school, may moderate the 
individual effects of study load on academic achievement (Wu et al., 2016). Our schooling 
systems should and can take responsibility to allocate appropriate study load and improve 
efficiency and effectiveness of teaching and learning at school. To address this issue, the 
fifth research question “What characteristics of teachers and schools can moderate the 
relationship between study load and science achievement among Chinese eighth-grade 
students?” intends to examine the moderation effects on academic achievement across 
student, teacher, and school levels. Therefore, the present study can provide research-based 
empirical evidence for considering new policies and reconsidering existing policies 
concerning study load among secondary students in China and beyond.  
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CHAPTER 3.  METHOD 
Data  
Source 
Data for the present analysis came from the Program for Regional Assessment of 
Basic Education Quality (PAEQ), which was administered by the Collaborative Innovation 
Center of Assessment Toward Basic Education Quality at the Beijing Normal University. 
To monitor and promote the quality of regional K-12 education in China, this curriculum-
based and competency-oriented program has been systematically collecting data from 
regional K-12 educational systems every year since 2013.  PAEQ results have no impact 
on the evaluation of either students or teachers. That means students do not need to pass 
the tests to enter the next grade level, and teachers and schools are not evaluated on their 
students’ performance on the tests. The purposes of PAEQ are to explore effective ways to 
improve instructional quality for multiple types of schools, including public, private, urban, 
and suburban schools. PAEQ focuses on core content areas of Chinese, mathematics, and 
science in Grade 4 and Grade 8. It assesses two more content areas of English and social 
science in Grade 8. The design of PAEQ was inspired by the research findings in PISA and 
TIMSS. It also received long-term professional support from the Institute for Statistics of 
the U.N. Educational, Scientific, and Cultural Organization (UNESCO), the Curriculum, 
Evaluation, and Management Centre at the University of Durham in the United Kingdom, 
the Pearson Group Education Testing, Hong Kong Examinations and the Assessment 
Authority, and McGraw-Hill Education. Moreover, PAEQ is a large-scale assessment with 
2,019,324 eighth grade students from more than 16 provinces and metropolitan cities 
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between 2013 and 2017. More than seven Chinese universities and academic institutions 
collaborate on PAEQ by offering cross-subjects professional support. 
Sampling Procedure 
PAEQ assessment employs probability proportional sampling (PPS) procedure, 
which selects representative schools from cities, towns, and villages, and then chooses 
students within each of the selected schools. The maximum ratio is generally estimated 
based on the regional budgets for the tests, and the minimum value must meet the 
requirement of statistical principle (12 primary schools and eight secondary schools; 30 
primary school students and 60 middle school students). Specifically, at the first stage, 
schools are randomly selected from a comprehensive list of all eligible schools having 
eighth graders. The probability of a school being selected is proportional to the number of 
eighth graders enrolled in the school with certain adjustments (e.g., school location in urban 
and rural areas) to make the representative school-level sample. At the second stage, 
students are randomly selected within each sampled school from a list of all eighth graders. 
In those schools with insufficient student samples, all eighth graders participate in the tests.  
Samples for the Present Study 
The present study utilizes data from 2016 PAEQ. Regular data collected in PAEQ 
do not establish a link between students, teachers, and schools. However, there is a special 
sample in PAEQ, the sample of a metropolitan city in the central part of China. All schools 
having eighth graders in that city were included in data collection. Specifically, in each 
school, all eighth graders and all of their teachers in Chinese, mathematics, English, and 
science participated in the assessment, together with their principals. Because this sample 
is actually a population, the link between students, teachers, and schools is naturally 
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preserved. Samples of the present study are 40,536 eighth grade students with 946 science 
teachers and from 118 middle (junior high) schools, including public and private, as well 
as urban and suburban schools. 
Instruments 
PAEQ employs the term, scientific literacy, including knowledge in science and 
knowledge about the nature of science, scientific inquiry competencies, and attitudes 
toward science. PAEQ science achievement is measured by standardized science tests, 
which are developed in a three-dimensional framework: knowledge (physics, biology, and 
geography), cognition (knowing, understanding, and applying), and scientific inquiry 
competencies (questioning, seeking evidence, and explaining). The standardized science 
tests are curriculum-based (i.e., in alignment with school curriculum) and competency-
oriented. Each item on the tests is allocated to the three-dimensional framework, meaning 
to address one knowledge area at a cognitive level alone with one of the scientific inquiry 
competencies. Most items are situated and developed from science issues and problems in 
the real world that require students to be able to apply what they learn about science to 
daily-life situations. The tests include multiple-choice and open-ended items and utilize a 
partial-credit approach to score open-ended items. 
Specifically, physics items cover structure of substance, force and motion, energy 
and energy resources. For example, students are asked to design a scientific experiment to 
test which material is the best for heat preservation. To perform well on the test, students 
need to understand basic concepts of physics, apply the strategy of control (variables) for 
scientific experiments, and draw conclusions based on evidence they collect. Biology items 
cover multilevel biological systems (e.g., cell, organ, and organism), energy transformation 
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among organisms, evolution, and relationships among human, health, and environment. 
For example, students are asked to list the essential factors for plants to grow. To perform 
well on the test, students need to understand basic biological concepts as they manifest in 
their daily lives and apply scientific reasoning to develop evidence-based biological 
explanations. Geography items are about earth science that cover the position of the earth 
in the solar system, crustal movement, water system on the earth, and weather and climate. 
For example, students are asked to illustrate the effects of human activities on climate. To 
perform well on the test, students need to have basic knowledge about the earth and 
understand problems and challenges that the modern human society faces (e.g., climate 
change). 
PAEQ adopted three questionnaires to collect background information that is 
relevant to academic achievement. The student questionnaire aims to collect information 
about individual characteristics (e.g., gender, family socioeconomic status, and single-
parent household), learning experience (e.g., study load, classroom practice, and learning 
strategies), and attitudes (sense of belonging to school, expectation toward schooling, and 
motivation for learning).  The teacher questionnaire collects information regarding teacher 
background (e.g., gender, education, teaching experience, and professional title), 
classroom practice, professional development, principal curriculum leadership, as well as 
professional attitudes (e.g., job satisfaction and sense of belonging to school). The principal 
questionnaire collects information concerning both principals and schools, which includes 
principal background information (e.g., gender, age, education, working experience, and 
professional title), school resources (e.g., school size and per-student expenditure), and 
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administrative approaches and policies (e.g., school-based curriculum development, 
principal leadership, class arrangement, school autonomy, and teaching management).  
In order to secure the high quality of instruments, PAEQ conducted pilot studies in 
two rounds. In the first round of pilot study, 30 eighth-grade students took the science test 
and the student questionnaire. After they finished taking the test and the questionnaire, 
each of students were interviewed by researchers in terms of their responses. Meanwhile, 
six science teachers who taught them last semester were interviewed regarding how they 
respond to the teacher questionnaire. In the second round of pilot study, 300 eighth-grade 
students took the science test and the student questionnaire. Based on these results, PAEQ 
finalized the instruments.  
Variables and Measures 
Overall Research Design 
This study will be conducted in three steps. The first step describes study load 
among Chinese eighth-grade students to address the first research question. The second 
step displays individual difference in study load as well as teacher effects and school effects 
on study load among Chinese eighth-grade students to address the second and third 
research questions. The third step explores the effects of study load on science achievement 
without and with adjustment for individual characteristics to address the fourth research 
question. Meanwhile, for the fifth research question, teacher effects and school effects are 
sought for potential moderation of the relationship between study load and science 
achievement. Therefore, the dependent variables in the present analysis are both study load 
and science achievement (used separately at different analytical stages). Six components 
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of study load and a total study load are the dependent variables in the second step of 
research on study load, while science achievement is the dependent variable in the third 
step of analysis on the associations between study load and science achievement.  
Dependent Variables 
Study load refers to time commitment to learning, including in-school and after-
school learning and homework, both on weekdays and weekends. Study load pertaining to 
in-school learning includes taking courses and tests both on weekdays and weekends, while 
after-school study load involves engaging in extracurricular activities, attending a shadow 
education system/cram schools, having private tutoring, and committing to self-learning 
activities both on weekdays and weekends. Homework is considered as a rather unique 
concept in the structure of study load. It is pursued after school but actually relates to 
learning in school. Hence, homework on both weekdays and weekends are set aside as two 
specific components of study load. Therefore, the set of study-load variables contains six 
components (see Table 1). They are: study load in in-school learning on weekdays (IW), 
homework on weekdays (HW), study load in after-school learning on weekdays (AW), 
study load in in-school learning on weekends (IWD), homework on weekends (HWD), 
study load in after-school learning on weekends (AWD), and a total study load (TOTAL). 
The collection of information regarding time committed to learning activities is included 
in the student questionnaire. For example, the question about homework on weekdays is 
“Last semester, how many hours did you spend doing homework assigned by teachers at 
school per day Monday through Friday?” (1=None, 2=Less than 1hour, 3=1hour-2hours, 
4=2-3hours, 5=3-4 hours, 6=More than 4 hours). Each component value is created by 
summing up the amount of time students spent in some specific learning activities. 
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Specifically, study load in in-school learning on weekdays (IW) is calculated by summing 
up the amount of time students spent in taking courses on typical weekdays, while study 
load in after-school learning on the weekend (AWD) is equal to the total amount of time 
students spent attending a shadow education system/private tutoring on the weekends (see 
Appendix A). In addition, the total study load is the entire amount of the six components 
of study load. 
 Science achievement is measured by a standardized test. The science test 
emphasizes the assessment of scientific literacy, especially scientific inquiry competencies. 
There are 36 items (30 multiple-choice questions and six open-ended items) on the test. 
Item response theory (IRT) procedures are used to estimate a score for each student in 
science achievement. The IRT scores are transferred to the final science scores with the 
mean of 500 and standard deviation of 100. 
Independent Variables 
The independent variables include student-level, teacher-level, and school-level 
variables. Independent variables at student-level include gender, family socioeconomic 
status (SES), one child, single-parent household, left-behind child, and migrant child. 
Teacher-level variables include teachers’ background (gender, professional title, education 
level, teaching experience, and homeroom teacher), professional growth, and classroom 
practice (in science). Variables at the school level depict context and climate of school (see 
Ma, Ma, & Bradley, 2008). Context variables include school size, school mean SES, mean 
teacher education, and per-student expenditure. Climate variables involve mean academic 
pressure, mean parental involvement, principal leadership, school autonomy, 
extracurricular activities, and mean study load within schools (see Table 2).  
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Table 1 
Variables Related to Study Load 
 Type Weekday Weekend 
Study 
load 
In-school In-school learning on 
weekdays 
(taking courses) 
In-school learning on 
weekends 
(taking courses) 
Homework Homework on weekdays Homework on weekends 
After-
school 
After-school learning on 
weekdays 
(engaging in extracurricular 
activities, attending a shadow 
education system/private 
tutoring)   
After-school learning on 
weekends 
(attending a shadow 
education system/private 
tutoring)   
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Table 2 
Dependent (D) and Independent (I) Variables 
Student-
level 
Science 
achievement (D) 
Measured by a standardized science test, which 
represents students’ performance in scientific 
literacy 
Study load (I, D) 
In-school learning on weekdays, after-school 
learning on weekdays, in-school learning on 
weekends, after-school learning on weekends, 
homework on weekdays, homework on 
weekends 
Background (I) Gender, SES, one child, single-parent household, left-behind child, migrate child 
Teacher-
level 
 
Background (I) Gender, education level, professional title, teaching experience, homeroom teacher 
Professional 
development (I) 
Professional growth 
Teaching 
practice (I) 
Science classroom practice 
School-level 
School context 
(I) 
School size, mean SES, mean teacher 
education, per-student expenditure 
School climate 
(I) 
Mean academic pressure, mean parental 
involvement, principal leadership, school 
autonomy, extracurricular activities, mean 
study load 
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Specifically, variables at the student level are from the student questionnaire. 
Family SES is an index or composite variable. Gender (0=boys, 1=girls), single-parent 
household (1=single-parent, 0=both-parent), one child (1=one child, 0=a child with 
siblings), migrant child (1=migrant, 0=non-migrant), and left-behind child (1=Left-behind 
child, 0=non-left-behind child) are dummy variables (see Appendix A for variable 
descriptions and coding information). 
Variables at the teacher level are from the teacher questionnaire. Some of them are 
dummy variables, such as gender (0=male, 1=female), professional title (1=advanced level, 
0=non-advanced level), teacher education level (1=hold a bachelor’s or graduate degree, 
0=don’t hold a bachelor’s degree), homeroom teacher (1=homeroom teacher, 0=non-
homeroom teacher), and teaching experience (1=teaching more than 10 years, 0= teaching 
less than 10 years or 10 years). In addition, professional growth and science classroom 
practice are composite variables created from the items on the teacher questionnaire (see 
Appendix A for variable descriptions and coding information).  
Variables at the school level are from the principal, teacher, and student 
questionnaires. Context variables include: school size is a continuous variable that 
demonstrates the total number of students in that school; each student’s SES within the 
school is aggregated to be school mean SES; mean teacher education is also an aggregated 
variable within the school; and per-student expenditure is a continuous variable created 
from the principal questionnaire. Climate variables involve mean academic pressure, mean 
parental involvement, mean study load that are aggregated variables that summarize each 
student’s responses within the school created from the items on the student questionnaire. 
Principal leadership is the variable aggregated from the items on the teacher questionnaire; 
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school autonomy (1=no, 2=yes in some extend, 3=yes) and extracurricular activities (count 
of selected options) are continuous variables created from the items on the principal 
questionnaire (see Appendix A for variable descriptions and coding information).  
Statistical Procedure 
Three Steps of Data Analyses 
In the first step of the research, descriptive statistics will be employed to depict in 
detail the structural characteristics of study load among Chinese eighth-grade students. 
Summary statistics such as mean, standard deviation, minimum, maximum, and correlation 
coefficients will be described in a cross-table format. 
In the second step of the research on study load, seven three-level multiple 
membership multilevel models (MMMM) will be employed. In multiple membership data, 
lower-level units do not belong to only one higher-level unit. Rather, lower-level units are 
nested within multiple higher-level units from the same classification. Therefore, a multiple 
membership weight, which measures the degree to which each lower-level unit belongs to 
each higher-level unit, is used to qualify this and this information is adopted when fitting 
multiple membership models (Leckie, 2013). In the current analyses, multiple 
memberships exist at the teacher level for most students (86%), namely most students were 
taught by multiple teachers in science (physics, biology, and geography teachers). Each 
student belonged to only a single school, meaning there was not multiple memberships at 
the school level. 
In the null (unconditional) multiple membership multilevel models, six components 
of study load and a total study load combined from six components are dependent variables. 
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Separate analyses will be performed for each component of study load and the total study 
load. As an example, the null model can be expressed as: 
𝑦𝑦𝑖𝑖= 𝛽𝛽0 + 𝑢𝑢𝑘𝑘
(3) + ∑ 𝑤𝑤𝑗𝑗,𝑖𝑖
(2) 𝑢𝑢𝑗𝑗
(2)
𝑗𝑗∈𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡ℎ𝑡𝑡𝑒𝑒 (𝑖𝑖) + 𝑒𝑒𝑖𝑖 
𝑢𝑢𝑘𝑘
(3) ~ 𝑁𝑁 (0,𝜎𝜎𝑢𝑢(3)
2 ) 
𝑢𝑢𝑗𝑗
(2) ~ 𝑁𝑁 (0,𝜎𝜎𝑢𝑢(2)
2 ) 
𝑒𝑒𝑖𝑖 ~ 𝑁𝑁 (0,𝜎𝜎𝑡𝑡2) 
where 𝑦𝑦𝑖𝑖 represents the outcome of study load of student i; 𝛽𝛽0 represents the intercept of 
the model; 𝑢𝑢𝑘𝑘
(3)  represents the random effect of school k (each student belongs to one 
school and associated weight of school for each student is 1); ∑ 𝑤𝑤𝑗𝑗,𝑖𝑖
(2) 𝑢𝑢𝑗𝑗
(2)
𝑗𝑗∈𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡ℎ𝑡𝑡𝑒𝑒 (𝑖𝑖)  
represents weighted sum of teacher effects where the multiple membership weight 𝑤𝑤𝑗𝑗,𝑖𝑖
(2) 
measures the extent to which student i associated to teacher j with the random effect 𝑢𝑢𝑗𝑗
(2); 
𝑒𝑒𝑖𝑖 represents a level-1 residential; the subscript 𝑗𝑗 ∈ 𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡ℎ𝑒𝑒𝑒𝑒 (𝑖𝑖)  represents teacher j 
belongs to a subset of multiple teachers who taught student i, while 𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡ℎ𝑒𝑒𝑒𝑒 (𝑖𝑖) is the 
subset of all possible teachers {1, …, J(2) }; 𝜎𝜎𝑢𝑢(3)
2  is the variance component at the school 
level;  𝜎𝜎𝑢𝑢(2)
2  is the variance component at the teacher level; 𝜎𝜎𝑡𝑡2 represents the variance 
component at the student level. 
Here, classification notation is used to express multiple membership multiple 
models. In this notation, the observation level, here students, is always labelled 
‘classification 1’.  The superscripts and subscripts of classification 1 do not appear in the 
model equation, which are implicit (Leckie, 2013). The separate classifications of higher-
level random effects, here teachers and schools, are labelled ‘classification 2’ and 
classification 3’. The superscripts and subscripts ‘(2)’ are used to identify the sets of 
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random effects and their associated (co)variance parameters at the level 2, which is the 
teacher level. The superscripts and subscripts ‘(3)’ are used to identify the sets of random 
effects and their associated (co)variance parameters at the level 3, which is the school level. 
Add the student-level (level-1) predictor variables to the models, in which student 
characteristics are independent variables. Therefore, the model can be expressed as:  
𝑦𝑦𝑖𝑖= 𝛽𝛽0 + 𝛽𝛽1(𝑔𝑔𝑒𝑒𝑔𝑔𝑔𝑔𝑒𝑒𝑒𝑒)𝑖𝑖 + 𝛽𝛽2(𝑆𝑆𝑆𝑆𝑆𝑆)𝑖𝑖 + 𝛽𝛽3(𝑜𝑜𝑔𝑔𝑒𝑒 𝑡𝑡ℎ𝑖𝑖𝑖𝑖𝑔𝑔)𝑖𝑖 + 𝛽𝛽4(𝑠𝑠𝑖𝑖𝑔𝑔𝑔𝑔𝑖𝑖𝑒𝑒 −
𝑝𝑝𝑡𝑡𝑒𝑒𝑒𝑒𝑔𝑔𝑡𝑡 ℎ𝑜𝑜𝑢𝑢𝑠𝑠𝑒𝑒ℎ𝑜𝑜𝑖𝑖𝑔𝑔)𝑖𝑖 + 𝛽𝛽5(𝑖𝑖𝑒𝑒𝑙𝑙𝑡𝑡𝑙𝑙𝑒𝑒ℎ𝑖𝑖𝑔𝑔𝑔𝑔 𝑡𝑡ℎ𝑖𝑖𝑖𝑖𝑔𝑔)𝑖𝑖 + 𝛽𝛽6(𝑚𝑚𝑖𝑖𝑔𝑔𝑒𝑒𝑡𝑡𝑔𝑔𝑡𝑡 𝑡𝑡ℎ𝑖𝑖𝑖𝑖𝑔𝑔)𝑖𝑖 + 𝑢𝑢𝑘𝑘
(3) + 
∑ 𝑤𝑤𝑗𝑗,𝑖𝑖
(2) 𝑢𝑢𝑗𝑗
(2)
𝑗𝑗∈𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡ℎ𝑡𝑡𝑒𝑒 (𝑖𝑖) + 𝑒𝑒𝑖𝑖 
𝑢𝑢𝑘𝑘
(3) ~ 𝑁𝑁 (0,𝜎𝜎𝑢𝑢(3)
2 ) 
𝑢𝑢𝑗𝑗
(2) ~ 𝑁𝑁 (0,𝜎𝜎𝑢𝑢(2)
2 ) 
𝑒𝑒𝑖𝑖 ~ 𝑁𝑁 (0,𝜎𝜎𝑡𝑡2) 
where 𝑦𝑦𝑖𝑖 represents the outcome of study load of student i; 𝛽𝛽0 represents the intercept of 
the model; 𝛽𝛽1  to 𝛽𝛽6  represent the effects of student characteristic on study load; 𝑢𝑢𝑘𝑘
(3) 
represents the random effect of school j; ∑ 𝑤𝑤𝑗𝑗,𝑖𝑖
(2) 𝑢𝑢𝑗𝑗
(2)
𝑗𝑗∈𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡ℎ𝑡𝑡𝑒𝑒 (𝑖𝑖)  represents weighted sum 
of teacher effects where the multiple membership weight 𝑤𝑤𝑗𝑗,𝑖𝑖
(2)  measures the extent to 
which student i associated to the teacher j with the random effect 𝑢𝑢𝑗𝑗
(2); 𝑒𝑒𝑖𝑖 represents a level-
1 residential error; 𝜎𝜎𝑢𝑢(3)
2  is the variance component at the school level ; 𝜎𝜎𝑢𝑢(2)
2  is the 
variance component at the teacher level; 𝜎𝜎𝑡𝑡2 represents the variance component at the 
student level. 
Add the teacher-level (level-2) predictor variables to the models, in which student 
and teacher characteristics will be independent variables. Hence, the model can be 
expressed as: 
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𝑦𝑦𝑖𝑖= 𝛽𝛽0 + 𝛽𝛽1(𝑔𝑔𝑒𝑒𝑔𝑔𝑔𝑔𝑒𝑒𝑒𝑒)𝑖𝑖 + 𝛽𝛽2(𝑆𝑆𝑆𝑆𝑆𝑆)𝑖𝑖 + 𝛽𝛽3(𝑜𝑜𝑔𝑔𝑒𝑒 𝑡𝑡ℎ𝑖𝑖𝑖𝑖𝑔𝑔)𝑖𝑖 + 𝛽𝛽4(𝑠𝑠𝑖𝑖𝑔𝑔𝑔𝑔𝑖𝑖𝑒𝑒 − 𝑝𝑝𝑡𝑡𝑒𝑒𝑒𝑒𝑔𝑔𝑡𝑡 ℎ𝑜𝑜𝑢𝑢𝑠𝑠𝑒𝑒ℎ𝑜𝑜𝑖𝑖𝑔𝑔)𝑖𝑖 
+ 𝛽𝛽5(𝑖𝑖𝑒𝑒𝑙𝑙𝑡𝑡𝑙𝑙𝑒𝑒ℎ𝑖𝑖𝑔𝑔𝑔𝑔 𝑡𝑡ℎ𝑖𝑖𝑖𝑖𝑔𝑔)𝑖𝑖 + 𝛽𝛽6(𝑚𝑚𝑖𝑖𝑔𝑔𝑒𝑒𝑡𝑡𝑔𝑔𝑡𝑡 𝑡𝑡ℎ𝑖𝑖𝑖𝑖𝑔𝑔)𝑖𝑖 + 
𝛽𝛽7{∑ 𝑤𝑤𝑗𝑗,𝑖𝑖
(2)
𝑗𝑗∈𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡ℎ𝑡𝑡𝑒𝑒 (𝑖𝑖) (𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡𝑒𝑒𝑒𝑒ℎ 𝑔𝑔𝑒𝑒𝑔𝑔𝑔𝑔𝑒𝑒𝑒𝑒)𝑗𝑗} + 𝛽𝛽8{∑ 𝑤𝑤𝑗𝑗,𝑖𝑖
(2)
𝑗𝑗∈𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡ℎ𝑡𝑡𝑒𝑒 (𝑖𝑖) (𝑒𝑒𝑔𝑔𝑢𝑢𝑡𝑡𝑡𝑡𝑡𝑡𝑖𝑖𝑜𝑜𝑔𝑔 𝑖𝑖𝑒𝑒𝑙𝑙𝑒𝑒𝑖𝑖)𝑗𝑗
(2)} 
+ 𝛽𝛽9{∑ 𝑤𝑤𝑗𝑗,𝑖𝑖
(2)
𝑗𝑗∈𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡ℎ𝑡𝑡𝑒𝑒 (𝑖𝑖) (𝑝𝑝𝑒𝑒𝑜𝑜𝑙𝑙𝑒𝑒𝑠𝑠𝑠𝑠𝑖𝑖𝑜𝑜𝑔𝑔𝑡𝑡𝑖𝑖 𝑡𝑡𝑖𝑖𝑡𝑡𝑖𝑖𝑒𝑒)𝑗𝑗
(2)} + 
𝛽𝛽10{∑ 𝑤𝑤𝑗𝑗,𝑖𝑖
(2)
𝑗𝑗∈𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡ℎ𝑡𝑡𝑒𝑒 (𝑖𝑖) (𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡ℎ𝑖𝑖𝑔𝑔𝑔𝑔 𝑒𝑒𝑒𝑒𝑝𝑝𝑒𝑒𝑒𝑒𝑖𝑖𝑒𝑒𝑔𝑔𝑡𝑡𝑒𝑒)𝑗𝑗
(2)} + 
𝛽𝛽11{∑ 𝑤𝑤𝑗𝑗,𝑖𝑖
(2)
𝑗𝑗∈𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡ℎ𝑡𝑡𝑒𝑒 (𝑖𝑖) (ℎ𝑜𝑜𝑚𝑚𝑒𝑒𝑒𝑒𝑜𝑜𝑜𝑜𝑚𝑚 𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡ℎ𝑒𝑒𝑒𝑒)𝑗𝑗
(2)} + 
𝛽𝛽12{∑ 𝑤𝑤𝑗𝑗,𝑖𝑖
(2)
𝑗𝑗∈𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡ℎ𝑡𝑡𝑒𝑒 (𝑖𝑖) (𝑝𝑝𝑒𝑒𝑜𝑜𝑙𝑙𝑒𝑒𝑠𝑠𝑠𝑠𝑖𝑖𝑜𝑜𝑔𝑔𝑡𝑡𝑖𝑖 𝑔𝑔𝑒𝑒𝑜𝑜𝑤𝑤𝑡𝑡ℎ)𝑗𝑗
(2)} + 
𝛽𝛽13{∑ 𝑤𝑤𝑗𝑗,𝑖𝑖
(2)
𝑗𝑗∈𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡ℎ𝑡𝑡𝑒𝑒 (𝑖𝑖) (𝑠𝑠𝑡𝑡𝑖𝑖𝑒𝑒𝑔𝑔𝑡𝑡𝑒𝑒 𝑡𝑡𝑖𝑖𝑡𝑡𝑠𝑠𝑠𝑠𝑒𝑒𝑜𝑜𝑜𝑜𝑚𝑚 𝑝𝑝𝑒𝑒𝑡𝑡𝑡𝑡𝑡𝑡𝑖𝑖𝑡𝑡𝑒𝑒)𝑗𝑗
(2)} + 𝑢𝑢𝑘𝑘
(3) + 
∑ 𝑤𝑤𝑗𝑗,𝑖𝑖
(2) 𝑢𝑢𝑗𝑗
(2)
𝑗𝑗∈𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡ℎ𝑡𝑡𝑒𝑒 (𝑖𝑖) + 𝑒𝑒𝑖𝑖 
𝑢𝑢𝑘𝑘
(3) ~ 𝑁𝑁 (0,𝜎𝜎𝑢𝑢(3)
2 ) 
𝑢𝑢𝑗𝑗
(2) ~ 𝑁𝑁 (0,𝜎𝜎𝑢𝑢(2)
2 ) 
𝑒𝑒𝑖𝑖 ~ 𝑁𝑁 (0,𝜎𝜎𝑡𝑡2) 
where, in the fixed part of the model, ∑ 𝑤𝑤𝑗𝑗,𝑖𝑖
(2)
𝑗𝑗∈𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡ℎ𝑡𝑡𝑒𝑒 (𝑖𝑖) (𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡𝑒𝑒𝑒𝑒ℎ 𝑔𝑔𝑒𝑒𝑔𝑔𝑔𝑔𝑒𝑒𝑒𝑒)𝑗𝑗
(2)  to 
∑ 𝑤𝑤𝑗𝑗,𝑖𝑖
(2)
𝑗𝑗∈𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡ℎ𝑡𝑡𝑒𝑒 (𝑖𝑖) (𝑠𝑠𝑡𝑡𝑖𝑖𝑒𝑒𝑔𝑔𝑡𝑡𝑒𝑒 𝑡𝑡𝑖𝑖𝑡𝑡𝑠𝑠𝑠𝑠𝑒𝑒𝑜𝑜𝑜𝑜𝑚𝑚 𝑝𝑝𝑒𝑒𝑡𝑡𝑡𝑡𝑡𝑡𝑖𝑖𝑡𝑡𝑒𝑒)𝑗𝑗
(2) , each of them is the sum of the 
products of the weights of teachers who taught student i and the associated values of that 
teacher characteristic. Since both weight and teacher characteristic are observed variables 
in the data, the weighted average for each of the level-2 predictor variables can be derived. 
For example,  
(𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡ℎ𝑒𝑒𝑒𝑒 𝑔𝑔𝑒𝑒𝑔𝑔𝑔𝑔𝑒𝑒𝑒𝑒)������������������������𝑖𝑖 = � 𝑤𝑤𝑗𝑗,𝑖𝑖
(2)
𝑗𝑗∈𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡ℎ𝑡𝑡𝑒𝑒 (𝑖𝑖)
(𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡𝑒𝑒𝑒𝑒ℎ 𝑔𝑔𝑒𝑒𝑔𝑔𝑔𝑔𝑒𝑒𝑒𝑒)𝑗𝑗
(2) 
Therefore, the model can be expressed more simply as  
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𝑦𝑦𝑖𝑖= 𝛽𝛽0 + 𝛽𝛽1(𝑔𝑔𝑒𝑒𝑔𝑔𝑔𝑔𝑒𝑒𝑒𝑒)𝑖𝑖 + 𝛽𝛽2(𝑆𝑆𝑆𝑆𝑆𝑆)𝑖𝑖 + 𝛽𝛽3(𝑜𝑜𝑔𝑔𝑒𝑒 𝑡𝑡ℎ𝑖𝑖𝑖𝑖𝑔𝑔)𝑖𝑖 + 𝛽𝛽4(𝑠𝑠𝑖𝑖𝑔𝑔𝑔𝑔𝑖𝑖𝑒𝑒 − 𝑝𝑝𝑡𝑡𝑒𝑒𝑒𝑒𝑔𝑔𝑡𝑡 ℎ𝑜𝑜𝑢𝑢𝑠𝑠𝑒𝑒ℎ𝑜𝑜𝑖𝑖𝑔𝑔)𝑖𝑖 
+ 𝛽𝛽5(𝑖𝑖𝑒𝑒𝑙𝑙𝑡𝑡𝑙𝑙𝑒𝑒ℎ𝑖𝑖𝑔𝑔𝑔𝑔 𝑡𝑡ℎ𝑖𝑖𝑖𝑖𝑔𝑔)𝑖𝑖 + 𝛽𝛽6(𝑚𝑚𝑖𝑖𝑔𝑔𝑒𝑒𝑡𝑡𝑔𝑔𝑡𝑡 𝑡𝑡ℎ𝑖𝑖𝑖𝑖𝑔𝑔)𝑖𝑖 + 𝛽𝛽7(𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡ℎ𝑒𝑒𝑒𝑒 𝑔𝑔𝑒𝑒𝑔𝑔𝑔𝑔𝑒𝑒𝑒𝑒)������������������������𝑖𝑖 + 
𝛽𝛽8(𝑒𝑒𝑔𝑔𝑢𝑢𝑡𝑡𝑡𝑡𝑡𝑡𝑒𝑒𝑜𝑜𝑔𝑔 𝑖𝑖𝑒𝑒𝑙𝑙𝑒𝑒𝑖𝑖)�����������������������𝑖𝑖 + 𝛽𝛽9(𝑝𝑝𝑒𝑒𝑜𝑜𝑙𝑙𝑒𝑒𝑠𝑠𝑠𝑠𝑒𝑒𝑜𝑜𝑔𝑔𝑡𝑡𝑖𝑖 𝑡𝑡𝑒𝑒𝑡𝑡𝑖𝑖𝑒𝑒)���������������������������𝑖𝑖 + 𝛽𝛽10(𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡ℎ𝑒𝑒𝑔𝑔𝑔𝑔 𝑒𝑒𝑒𝑒𝑝𝑝𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑔𝑔𝑡𝑡𝑒𝑒)������������������������������𝑖𝑖 + 
𝛽𝛽11(ℎ𝑜𝑜𝑚𝑚𝑒𝑒𝑒𝑒𝑜𝑜𝑜𝑜𝑚𝑚 𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡ℎ𝑒𝑒𝑒𝑒)����������������������������𝑖𝑖 + 𝛽𝛽12(𝑝𝑝𝑒𝑒𝑜𝑜𝑙𝑙𝑒𝑒𝑠𝑠𝑠𝑠𝑒𝑒𝑜𝑜𝑔𝑔𝑡𝑡𝑖𝑖 𝑔𝑔𝑒𝑒𝑜𝑜𝑤𝑤𝑡𝑡ℎ)�������������������������������𝑖𝑖  + 
𝛽𝛽13(𝑠𝑠𝑡𝑡𝑒𝑒𝑒𝑒𝑔𝑔𝑡𝑡𝑒𝑒 𝑡𝑡𝑖𝑖𝑡𝑡𝑠𝑠𝑠𝑠𝑒𝑒𝑜𝑜𝑜𝑜𝑚𝑚 𝑝𝑝𝑒𝑒𝑡𝑡𝑡𝑡𝑡𝑡𝑒𝑒𝑡𝑡𝑒𝑒)���������������������������������������𝑖𝑖+ 𝑢𝑢𝑘𝑘
(3) + ∑ 𝑤𝑤𝑗𝑗,𝑖𝑖
(2) 𝑢𝑢𝑗𝑗
(2)
𝑗𝑗∈𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡ℎ𝑡𝑡𝑒𝑒 (𝑖𝑖) + 𝑒𝑒𝑖𝑖 
𝑢𝑢𝑘𝑘
(3) ~ 𝑁𝑁 (0,𝜎𝜎𝑢𝑢(3)
2 ) 
𝑢𝑢𝑗𝑗
(2) ~ 𝑁𝑁 (0,𝜎𝜎𝑢𝑢(2)
2 ) 
𝑒𝑒𝑖𝑖 ~ 𝑁𝑁 (0,𝜎𝜎𝑡𝑡2) 
where 𝑦𝑦𝑖𝑖 represents the outcome of study load of student i; 𝛽𝛽0 represents the intercept of 
the model; 𝛽𝛽1 to 𝛽𝛽6 represent the effects of student characteristic on study load; 𝛽𝛽7 to 𝛽𝛽13 
represent the effects of teacher characteristic on study load;  𝑢𝑢𝑘𝑘
(3) represents the random 
effect of school j; ∑ 𝑤𝑤𝑗𝑗,𝑖𝑖
(2) 𝑢𝑢𝑗𝑗
(2)
𝑗𝑗∈𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡ℎ𝑡𝑡𝑒𝑒 (𝑖𝑖)  represents weighted sum of teacher effects where 
the multiple membership weight 𝑤𝑤𝑗𝑗,𝑖𝑖
(2) measures the extent to which student i associated to 
the teacher j with the random effect 𝑢𝑢𝑗𝑗
(2) ; 𝑒𝑒𝑖𝑖 represents a level-1 residential error. 
𝜎𝜎𝑢𝑢(3)
2  is the variance component at the school level; 𝜎𝜎𝑢𝑢(2)
2  is the variance component at 
the teacher level; 𝜎𝜎𝑡𝑡2 represents the variance component at the student level. 
Add level-3 (school-level) predictor variables to the model, in which student, 
teacher, and school characteristics will be independent variables. The model can be 
expressed as:  
𝑦𝑦𝑖𝑖= 𝛽𝛽0 + 𝛽𝛽1(𝑔𝑔𝑒𝑒𝑔𝑔𝑔𝑔𝑒𝑒𝑒𝑒)𝑖𝑖 + 𝛽𝛽2(𝑆𝑆𝑆𝑆𝑆𝑆)𝑖𝑖 + 𝛽𝛽3(𝑜𝑜𝑔𝑔𝑒𝑒 𝑡𝑡ℎ𝑖𝑖𝑖𝑖𝑔𝑔)𝑖𝑖 + 𝛽𝛽4(𝑠𝑠𝑖𝑖𝑔𝑔𝑔𝑔𝑖𝑖𝑒𝑒 − 𝑝𝑝𝑡𝑡𝑒𝑒𝑒𝑒𝑔𝑔𝑡𝑡 ℎ𝑜𝑜𝑢𝑢𝑠𝑠𝑒𝑒ℎ𝑜𝑜𝑖𝑖𝑔𝑔)𝑖𝑖 
+ 𝛽𝛽5(𝑖𝑖𝑒𝑒𝑙𝑙𝑡𝑡𝑙𝑙𝑒𝑒ℎ𝑖𝑖𝑔𝑔𝑔𝑔 𝑡𝑡ℎ𝑖𝑖𝑖𝑖𝑔𝑔)𝑖𝑖 + 𝛽𝛽6(𝑚𝑚𝑖𝑖𝑔𝑔𝑒𝑒𝑡𝑡𝑔𝑔𝑡𝑡 𝑡𝑡ℎ𝑖𝑖𝑖𝑖𝑔𝑔)𝑖𝑖 + 𝛽𝛽7(𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡ℎ𝑒𝑒𝑒𝑒 𝑔𝑔𝑒𝑒𝑔𝑔𝑔𝑔𝑒𝑒𝑒𝑒)������������������������𝑖𝑖 + 
𝛽𝛽8(𝑒𝑒𝑔𝑔𝑢𝑢𝑡𝑡𝑡𝑡𝑡𝑡𝑒𝑒𝑜𝑜𝑔𝑔 𝑖𝑖𝑒𝑒𝑙𝑙𝑒𝑒𝑖𝑖)�����������������������𝑖𝑖 + 𝛽𝛽9(𝑝𝑝𝑒𝑒𝑜𝑜𝑙𝑙𝑒𝑒𝑠𝑠𝑠𝑠𝑒𝑒𝑜𝑜𝑔𝑔𝑡𝑡𝑖𝑖 𝑡𝑡𝑒𝑒𝑡𝑡𝑖𝑖𝑒𝑒)���������������������������𝑖𝑖 + 𝛽𝛽10(𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡ℎ𝑒𝑒𝑔𝑔𝑔𝑔 𝑒𝑒𝑒𝑒𝑝𝑝𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑔𝑔𝑡𝑡𝑒𝑒)������������������������������𝑖𝑖 + 
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𝛽𝛽11(ℎ𝑜𝑜𝑚𝑚𝑒𝑒𝑒𝑒𝑜𝑜𝑜𝑜𝑚𝑚 𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡ℎ𝑒𝑒𝑒𝑒)����������������������������𝑖𝑖 + 𝛽𝛽12(𝑝𝑝𝑒𝑒𝑜𝑜𝑙𝑙𝑒𝑒𝑠𝑠𝑠𝑠𝑒𝑒𝑜𝑜𝑔𝑔𝑡𝑡𝑖𝑖 𝑔𝑔𝑒𝑒𝑜𝑜𝑤𝑤𝑡𝑡ℎ)�������������������������������𝑖𝑖  + 
𝛽𝛽13(𝑠𝑠𝑡𝑡𝑒𝑒𝑒𝑒𝑔𝑔𝑡𝑡𝑒𝑒 𝑡𝑡𝑖𝑖𝑡𝑡𝑠𝑠𝑠𝑠𝑒𝑒𝑜𝑜𝑜𝑜𝑚𝑚 𝑝𝑝𝑒𝑒𝑡𝑡𝑡𝑡𝑡𝑡𝑒𝑒𝑡𝑡𝑒𝑒)���������������������������������������𝑖𝑖+ 𝛽𝛽14(𝑠𝑠𝑡𝑡ℎ𝑜𝑜𝑜𝑜𝑖𝑖 𝑠𝑠𝑖𝑖𝑠𝑠𝑒𝑒)𝑖𝑖 + 𝛽𝛽15(𝑚𝑚𝑒𝑒𝑡𝑡𝑔𝑔 𝑆𝑆𝑆𝑆𝑆𝑆)𝑖𝑖 + 
𝛽𝛽16(𝑚𝑚𝑒𝑒𝑡𝑡𝑔𝑔 𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡ℎ𝑒𝑒𝑒𝑒 𝑒𝑒𝑔𝑔𝑢𝑢𝑡𝑡𝑡𝑡𝑡𝑡𝑖𝑖𝑜𝑜𝑔𝑔)𝑖𝑖 + 𝛽𝛽17(𝑝𝑝𝑒𝑒𝑒𝑒 − 𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑒𝑒𝑔𝑔𝑡𝑡 𝑒𝑒𝑒𝑒𝑝𝑝𝑒𝑒𝑔𝑔𝑔𝑔𝑖𝑖𝑡𝑡𝑢𝑢𝑒𝑒𝑒𝑒)𝑖𝑖 + 
𝛽𝛽18(𝑚𝑚𝑒𝑒𝑡𝑡𝑔𝑔 𝑡𝑡𝑡𝑡𝑡𝑡𝑔𝑔𝑒𝑒𝑚𝑚𝑖𝑖𝑡𝑡 𝑝𝑝𝑒𝑒𝑒𝑒𝑠𝑠𝑠𝑠𝑢𝑢𝑒𝑒𝑒𝑒)𝑖𝑖 + 𝛽𝛽19(𝑚𝑚𝑒𝑒𝑡𝑡𝑔𝑔 𝑝𝑝𝑡𝑡𝑒𝑒𝑒𝑒𝑔𝑔𝑡𝑡𝑡𝑡𝑖𝑖 𝑖𝑖𝑔𝑔𝑙𝑙𝑜𝑜𝑖𝑖𝑙𝑙𝑒𝑒𝑚𝑚𝑒𝑒𝑔𝑔𝑡𝑡)𝑖𝑖 + 
𝛽𝛽20(𝑝𝑝𝑒𝑒𝑖𝑖𝑔𝑔𝑡𝑡𝑖𝑖𝑝𝑝𝑡𝑡𝑖𝑖 𝑖𝑖𝑒𝑒𝑡𝑡𝑔𝑔𝑒𝑒𝑒𝑒𝑠𝑠ℎ𝑖𝑖𝑝𝑝)𝑖𝑖 + 𝛽𝛽21(𝑠𝑠𝑡𝑡ℎ𝑜𝑜𝑜𝑜𝑖𝑖 𝑡𝑡𝑢𝑢𝑡𝑡𝑜𝑜𝑔𝑔𝑜𝑜𝑚𝑚𝑦𝑦)𝑖𝑖 + 
𝛽𝛽22(𝑒𝑒𝑒𝑒𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡𝑢𝑢𝑒𝑒𝑒𝑒𝑖𝑖𝑡𝑡𝑢𝑢𝑖𝑖𝑡𝑡𝑒𝑒 𝑡𝑡𝑡𝑡𝑡𝑡𝑖𝑖𝑙𝑙𝑖𝑖𝑡𝑡𝑖𝑖𝑒𝑒𝑠𝑠)𝑖𝑖  + 𝑢𝑢𝑘𝑘
(3) + ∑ 𝑤𝑤𝑗𝑗,𝑖𝑖
(2) 𝑢𝑢𝑗𝑗
(2)
𝑗𝑗∈𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡ℎ𝑡𝑡𝑒𝑒 (𝑖𝑖) + 𝑒𝑒𝑖𝑖 
𝑢𝑢𝑘𝑘
(3) ~ 𝑁𝑁 (0,𝜎𝜎𝑢𝑢(3)
2 ) 
𝑢𝑢𝑗𝑗
(2) ~ 𝑁𝑁 (0,𝜎𝜎𝑢𝑢(2)
2 ) 
𝑒𝑒𝑖𝑖 ~ 𝑁𝑁 (0,𝜎𝜎𝑡𝑡2) 
where 𝑦𝑦𝑖𝑖 represents the outcome of study load of student i; 𝛽𝛽0 represents the intercept of 
the model; 𝛽𝛽1 to 𝛽𝛽22 represent the effects of student, teacher, and school characteristics on 
study load; 𝑢𝑢𝑘𝑘
(3) represents the random effect of school j; ∑ 𝑤𝑤𝑗𝑗,𝑖𝑖
(2) 𝑢𝑢𝑗𝑗
(2)
𝑗𝑗∈𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡ℎ𝑡𝑡𝑒𝑒 (𝑖𝑖)  represents 
weighted sum of teacher effects where the multiple membership weight 𝑤𝑤𝑗𝑗,𝑖𝑖
(2) measures the 
extent to which student i associated to the teacher j with the random effect 𝑢𝑢𝑗𝑗
(2) ; 
𝑒𝑒𝑖𝑖 represents a level-1 residential error; 𝜎𝜎𝑢𝑢(3)
2   is the variance component at the school level; 
𝜎𝜎𝑢𝑢(2)
2  is the variance component at the teacher level; 𝜎𝜎𝑡𝑡2 represents the variance component 
at the student level. 
In the third step of the research on effects of study load on science achievement, 
seven three-level multiple membership multilevel models also will be employed. In these 
MMMM analyses, science achievement will be the dependent variable and more 
importantly study load will function as the key independent variable in this step. The 
coefficient of study load will be made random at teacher and school levels so that teacher 
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and school characteristics can be used to moderate the relationships between study load 
and science achievement. Separate analyses will be performed with each of the six 
components of study load and the total study load. The model without adjustment for 
examining absolute effects of study load can be expressed as: 
𝑦𝑦𝑖𝑖= 𝛽𝛽0 + 𝛽𝛽1(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖 + 𝑢𝑢0𝑘𝑘
(3) + 𝑢𝑢1𝑘𝑘
(3) + ∑ 𝑤𝑤𝑗𝑗,𝑖𝑖
(2) {𝑢𝑢0𝑗𝑗
(2) + 𝑢𝑢1𝑗𝑗
(2)(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖}𝑗𝑗∈𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡ℎ𝑡𝑡𝑒𝑒 (𝑖𝑖)  + 𝑒𝑒0𝑖𝑖 
�
𝑢𝑢0𝑘𝑘
(3)
𝑢𝑢1𝑘𝑘
(3)� ~ N      �00� , �
𝜎𝜎𝑢𝑢0(3)
2
𝜎𝜎𝑢𝑢01(3)
2 𝜎𝜎𝑢𝑢1(3)
2 �  
�
𝑢𝑢0𝑗𝑗
(2)
𝑢𝑢1𝑗𝑗
(2)� ~ N      �
0
0� , �
𝜎𝜎𝑢𝑢0(2)
2
𝜎𝜎𝑢𝑢01(2)
2 𝜎𝜎𝑢𝑢1(2)
2 � 
𝑒𝑒0𝑖𝑖  ~ 𝑁𝑁 (0,𝜎𝜎0𝑡𝑡2 ) 
where 𝑦𝑦𝑖𝑖 represents the science achievement of student i; 𝛽𝛽0 represents the intercept of the 
model; 𝛽𝛽1 represents the effect of study load on science achievement; 𝑢𝑢0𝑘𝑘
(3) represents the 
random effect of the intercept of school j; 𝑢𝑢1𝑘𝑘
(3) represents the random effect of the slope of 
school j; ∑ 𝑤𝑤𝑗𝑗,𝑖𝑖
(2) {𝑢𝑢0𝑗𝑗
(2) + 𝑢𝑢1𝑗𝑗
(2)(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖}𝑗𝑗∈𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡ℎ𝑡𝑡𝑒𝑒 (𝑖𝑖)  represents weighted sum of 
teacher effects where the multiple membership weight 𝑤𝑤𝑗𝑗,𝑖𝑖
(2) measures the extent to which 
student i associated to the teacher j with the random effects 𝑢𝑢0𝑗𝑗
(2) (intercept) and  𝑢𝑢1𝑗𝑗
(2) (slope 
of study load); 𝑒𝑒0𝑖𝑖  represents a level-1 residential error; 𝜎𝜎𝑢𝑢0(3)
2  and 𝜎𝜎𝑢𝑢1(3)
2  are the variance 
components at the school level; 𝜎𝜎𝑢𝑢01(3)
2  is the covariance between the intercept and the 
slope at the school level; 𝜎𝜎𝑢𝑢0(2)
2  and 𝜎𝜎𝑢𝑢1(2)
2  are the variance components at the teacher level; 
𝜎𝜎𝑢𝑢01(2)
2  is the covariance at the teacher level; 𝜎𝜎0𝑡𝑡2  represents the variance component at the 
student level. 
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Meanwhile, the model with adjustment for student characteristics for examining 
relative effects of study load can be expressed as: 
𝑦𝑦𝑖𝑖= 𝛽𝛽0 + 𝛽𝛽1(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖 + 𝛽𝛽2(𝑔𝑔𝑒𝑒𝑔𝑔𝑔𝑔𝑒𝑒𝑒𝑒)𝑖𝑖 + 𝛽𝛽3(𝑆𝑆𝑆𝑆𝑆𝑆)𝑖𝑖 + 𝛽𝛽4(𝑜𝑜𝑔𝑔𝑒𝑒 𝑡𝑡ℎ𝑖𝑖𝑖𝑖𝑔𝑔)𝑖𝑖 + 
𝛽𝛽5(𝑠𝑠𝑖𝑖𝑔𝑔𝑔𝑔𝑖𝑖𝑒𝑒 − 𝑝𝑝𝑡𝑡𝑒𝑒𝑒𝑒𝑔𝑔𝑡𝑡 ℎ𝑜𝑜𝑢𝑢𝑠𝑠𝑒𝑒ℎ𝑜𝑜𝑖𝑖𝑔𝑔)𝑖𝑖 + 𝛽𝛽6(𝑖𝑖𝑒𝑒𝑙𝑙𝑡𝑡𝑙𝑙𝑒𝑒ℎ𝑖𝑖𝑔𝑔𝑔𝑔 𝑡𝑡ℎ𝑖𝑖𝑖𝑖𝑔𝑔)𝑖𝑖 + 𝛽𝛽7(𝑚𝑚𝑖𝑖𝑔𝑔𝑒𝑒𝑡𝑡𝑔𝑔𝑡𝑡 𝑡𝑡ℎ𝑖𝑖𝑖𝑖𝑔𝑔)𝑖𝑖 + 
 𝑢𝑢0𝑘𝑘
(3) + 𝑢𝑢1𝑘𝑘
(3) + ∑ 𝑤𝑤𝑗𝑗,𝑖𝑖
(2) {𝑢𝑢0𝑗𝑗
(2) + 𝑢𝑢1𝑗𝑗
(2)(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖}𝑗𝑗∈𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡ℎ𝑡𝑡𝑒𝑒 (𝑖𝑖)  + 𝑒𝑒0𝑖𝑖 
�
𝑢𝑢0𝑘𝑘
(3)
𝑢𝑢1𝑘𝑘
(3)� ~ N     �00� , �
𝜎𝜎𝑢𝑢0(3)
2
𝜎𝜎𝑢𝑢01(3)
2 𝜎𝜎𝑢𝑢1(3)
2 �  
�
𝑢𝑢0𝑗𝑗
(2)
𝑢𝑢1𝑗𝑗
(2)� ~ N     �
0
0� , �
𝜎𝜎𝑢𝑢0(2)
2
𝜎𝜎𝑢𝑢01(2)
2 𝜎𝜎𝑢𝑢1(2)
2 � 
𝑒𝑒0𝑖𝑖  ~ 𝑁𝑁 (0,𝜎𝜎0𝑡𝑡2 ) 
where 𝑦𝑦𝑖𝑖 represents the outcome of study load of student i; 𝛽𝛽0 represents the intercept of 
the model; 𝛽𝛽1  represents the effect of study load on science achievement; 𝛽𝛽2  to 𝛽𝛽7 
represent the effect of student characteristics on science achievement; 𝑢𝑢0𝑘𝑘
(3) represents the 
random effect of the intercept of school j; 𝑢𝑢1𝑘𝑘
(3) represents the random effect of the slope of 
school j; ∑ 𝑤𝑤𝑗𝑗,𝑖𝑖
(2) {𝑢𝑢0𝑗𝑗
(2) + 𝑢𝑢1𝑗𝑗
(2)(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖}𝑗𝑗∈𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡ℎ𝑡𝑡𝑒𝑒 (𝑖𝑖)  represents weighted sum of 
teacher effects where the weight 𝑤𝑤𝑗𝑗,𝑖𝑖
(2) measures the extent to which student i associated to 
the teacher j with the random effects 𝑢𝑢0𝑗𝑗
(2)  (intercept) and  𝑢𝑢1𝑗𝑗
(2)  (slope of study load); 
𝑒𝑒0𝑖𝑖  represents a level-1 residential error; 𝜎𝜎𝑢𝑢0(3)
2  and 𝜎𝜎𝑢𝑢1(3)
2  are the variance components at 
the school level; 𝜎𝜎𝑢𝑢01(3)
2  is the covariance between the intercept and the slope at the school 
level; 𝜎𝜎𝑢𝑢0(2)
2  and 𝜎𝜎𝑢𝑢1(2)
2  are the variance components at the teacher level; 𝜎𝜎𝑢𝑢01(2)
2  is the 
covariance at the teacher level; 𝜎𝜎0𝑡𝑡2  represents the variance component at the student level. 
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Furthermore, the variance components of intercept and the slope of study load at 
the school level (𝜎𝜎𝑢𝑢0(3)
2  and 𝜎𝜎𝑢𝑢1(3)
2 ) and at the teacher level ( 𝜎𝜎𝑢𝑢0(2)
2  and 𝜎𝜎𝑢𝑢1(2)
2 ) will be 
tested to see if they are statistically significant. If the variance components of the slope of 
study load are statistically significant at the both levels, teacher and school characteristics 
will be added to the models to predict the relationships between study load and science 
achievement. If the variance components of the slope of study load are statistically 
significant at either teacher or school level, teacher or school characteristics will be added 
to the models to predict the associations. As an example, the full model can be expressed 
as: 
𝑦𝑦𝑖𝑖= 𝛽𝛽0 + 𝛽𝛽1(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖 + 𝛽𝛽2(𝑔𝑔𝑒𝑒𝑔𝑔𝑔𝑔𝑒𝑒𝑒𝑒)𝑖𝑖 + 𝛽𝛽3(𝑆𝑆𝑆𝑆𝑆𝑆)𝑖𝑖 + 𝛽𝛽4(𝑜𝑜𝑔𝑔𝑒𝑒 𝑡𝑡ℎ𝑖𝑖𝑖𝑖𝑔𝑔)𝑖𝑖 + 
𝛽𝛽5(𝑠𝑠𝑖𝑖𝑔𝑔𝑔𝑔𝑖𝑖𝑒𝑒 − 𝑝𝑝𝑡𝑡𝑒𝑒𝑒𝑒𝑔𝑔𝑡𝑡 ℎ𝑜𝑜𝑢𝑢𝑠𝑠𝑒𝑒ℎ𝑜𝑜𝑖𝑖𝑔𝑔)𝑖𝑖 + 𝛽𝛽6(𝑖𝑖𝑒𝑒𝑙𝑙𝑡𝑡𝑙𝑙𝑒𝑒ℎ𝑖𝑖𝑔𝑔𝑔𝑔 𝑡𝑡ℎ𝑖𝑖𝑖𝑖𝑔𝑔)𝑖𝑖 + 𝛽𝛽7(𝑚𝑚𝑖𝑖𝑔𝑔𝑒𝑒𝑡𝑡𝑔𝑔𝑡𝑡 𝑡𝑡ℎ𝑖𝑖𝑖𝑖𝑔𝑔)𝑖𝑖 + 
𝛽𝛽8(𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡ℎ𝑒𝑒𝑒𝑒 𝑔𝑔𝑒𝑒𝑔𝑔𝑔𝑔𝑒𝑒𝑒𝑒)������������������������𝑖𝑖 + 𝛽𝛽9(𝑒𝑒𝑔𝑔𝑢𝑢𝑡𝑡𝑡𝑡𝑡𝑡𝑒𝑒𝑜𝑜𝑔𝑔 𝑖𝑖𝑒𝑒𝑙𝑙𝑒𝑒𝑖𝑖)�����������������������𝑖𝑖 + 𝛽𝛽10(𝑝𝑝𝑒𝑒𝑜𝑜𝑙𝑙𝑒𝑒𝑠𝑠𝑠𝑠𝑒𝑒𝑜𝑜𝑔𝑔𝑡𝑡𝑖𝑖 𝑡𝑡𝑒𝑒𝑡𝑡𝑖𝑖𝑒𝑒)���������������������������𝑖𝑖 + 
𝛽𝛽11(𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡ℎ𝑒𝑒𝑔𝑔𝑔𝑔 𝑒𝑒𝑒𝑒𝑝𝑝𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑔𝑔𝑡𝑡𝑒𝑒)������������������������������𝑖𝑖 + 𝛽𝛽12(ℎ𝑜𝑜𝑚𝑚𝑒𝑒𝑒𝑒𝑜𝑜𝑜𝑜𝑚𝑚 𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡ℎ𝑒𝑒𝑒𝑒)����������������������������𝑖𝑖 + 
𝛽𝛽13(𝑝𝑝𝑒𝑒𝑜𝑜𝑙𝑙𝑒𝑒𝑠𝑠𝑠𝑠𝑒𝑒𝑜𝑜𝑔𝑔𝑡𝑡𝑖𝑖 𝑔𝑔𝑒𝑒𝑜𝑜𝑤𝑤𝑡𝑡ℎ)�������������������������������𝑖𝑖  + 𝛽𝛽14(𝑠𝑠𝑡𝑡𝑒𝑒𝑒𝑒𝑔𝑔𝑡𝑡𝑒𝑒 𝑡𝑡𝑖𝑖𝑡𝑡𝑠𝑠𝑠𝑠𝑒𝑒𝑜𝑜𝑜𝑜𝑚𝑚 𝑝𝑝𝑒𝑒𝑡𝑡𝑡𝑡𝑡𝑡𝑒𝑒𝑡𝑡𝑒𝑒)���������������������������������������𝑖𝑖+ 𝛽𝛽15(𝑠𝑠𝑡𝑡ℎ𝑜𝑜𝑜𝑜𝑖𝑖 𝑠𝑠𝑖𝑖𝑠𝑠𝑒𝑒)𝑖𝑖 
+ 𝛽𝛽16(𝑚𝑚𝑒𝑒𝑡𝑡𝑔𝑔 𝑆𝑆𝑆𝑆𝑆𝑆)𝑖𝑖 + 𝛽𝛽17(𝑚𝑚𝑒𝑒𝑡𝑡𝑔𝑔 𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡ℎ𝑒𝑒𝑒𝑒 𝑒𝑒𝑔𝑔𝑢𝑢𝑡𝑡𝑡𝑡𝑡𝑡𝑖𝑖𝑜𝑜𝑔𝑔)𝑖𝑖 + 𝛽𝛽18(𝑝𝑝𝑒𝑒𝑒𝑒 −
𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑒𝑒𝑔𝑔𝑡𝑡 𝑒𝑒𝑒𝑒𝑝𝑝𝑒𝑒𝑔𝑔𝑔𝑔𝑖𝑖𝑡𝑡𝑢𝑢𝑒𝑒𝑒𝑒)𝑖𝑖 + 𝛽𝛽19(𝑚𝑚𝑒𝑒𝑡𝑡𝑔𝑔 𝑡𝑡𝑡𝑡𝑡𝑡𝑔𝑔𝑒𝑒𝑚𝑚𝑖𝑖𝑡𝑡 𝑝𝑝𝑒𝑒𝑒𝑒𝑠𝑠𝑠𝑠𝑢𝑢𝑒𝑒𝑒𝑒)𝑖𝑖 + 
𝛽𝛽20(𝑚𝑚𝑒𝑒𝑡𝑡𝑔𝑔 𝑝𝑝𝑡𝑡𝑒𝑒𝑒𝑒𝑔𝑔𝑡𝑡𝑡𝑡𝑖𝑖 𝑖𝑖𝑔𝑔𝑙𝑙𝑜𝑜𝑖𝑖𝑙𝑙𝑒𝑒𝑚𝑚𝑒𝑒𝑔𝑔𝑡𝑡)𝑖𝑖 + 𝛽𝛽21(𝑝𝑝𝑒𝑒𝑖𝑖𝑔𝑔𝑡𝑡𝑖𝑖𝑝𝑝𝑡𝑡𝑖𝑖 𝑖𝑖𝑒𝑒𝑡𝑡𝑔𝑔𝑒𝑒𝑒𝑒𝑠𝑠ℎ𝑖𝑖𝑝𝑝)𝑖𝑖 + 
𝛽𝛽22(𝑠𝑠𝑡𝑡ℎ𝑜𝑜𝑜𝑜𝑖𝑖 𝑡𝑡𝑢𝑢𝑡𝑡𝑜𝑜𝑔𝑔𝑜𝑜𝑚𝑚𝑦𝑦)𝑖𝑖 + 𝛽𝛽23(𝑒𝑒𝑒𝑒𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡𝑢𝑢𝑒𝑒𝑒𝑒𝑖𝑖𝑡𝑡𝑢𝑢𝑖𝑖𝑡𝑡𝑒𝑒 𝑡𝑡𝑡𝑡𝑡𝑡𝑖𝑖𝑙𝑙𝑖𝑖𝑡𝑡𝑖𝑖𝑒𝑒𝑠𝑠)𝑖𝑖  + 
𝛽𝛽24(𝑚𝑚𝑒𝑒𝑡𝑡𝑔𝑔 𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖 
+ 𝛽𝛽25(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡ℎ𝑒𝑒𝑒𝑒 𝑔𝑔𝑒𝑒𝑔𝑔𝑔𝑔𝑒𝑒𝑒𝑒)������������������������𝑖𝑖 + 𝛽𝛽26(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑒𝑒𝑔𝑔𝑢𝑢𝑡𝑡𝑡𝑡𝑡𝑡𝑒𝑒𝑜𝑜𝑔𝑔 𝑖𝑖𝑒𝑒𝑙𝑙𝑒𝑒𝑖𝑖)�����������������������𝑖𝑖 + 
𝛽𝛽27(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑝𝑝𝑒𝑒𝑜𝑜𝑙𝑙𝑒𝑒𝑠𝑠𝑠𝑠𝑒𝑒𝑜𝑜𝑔𝑔𝑡𝑡𝑖𝑖 𝑡𝑡𝑒𝑒𝑡𝑡𝑖𝑖𝑒𝑒)���������������������������𝑖𝑖 + 𝛽𝛽28(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡ℎ𝑒𝑒𝑔𝑔𝑔𝑔 𝑒𝑒𝑒𝑒𝑝𝑝𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑔𝑔𝑡𝑡𝑒𝑒)������������������������������𝑖𝑖 
+ 𝛽𝛽29(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(ℎ𝑜𝑜𝑚𝑚𝑒𝑒𝑒𝑒𝑜𝑜𝑜𝑜𝑚𝑚 𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡ℎ𝑒𝑒𝑒𝑒)����������������������������𝑖𝑖 + 
𝛽𝛽30(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑝𝑝𝑒𝑒𝑜𝑜𝑙𝑙𝑒𝑒𝑠𝑠𝑠𝑠𝑒𝑒𝑜𝑜𝑔𝑔𝑡𝑡𝑖𝑖 𝑔𝑔𝑒𝑒𝑜𝑜𝑤𝑤𝑡𝑡ℎ)�������������������������������𝑖𝑖  + 
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𝛽𝛽31(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑠𝑠𝑡𝑡𝑒𝑒𝑒𝑒𝑔𝑔𝑡𝑡𝑒𝑒 𝑡𝑡𝑖𝑖𝑡𝑡𝑠𝑠𝑠𝑠𝑒𝑒𝑜𝑜𝑜𝑜𝑚𝑚 𝑝𝑝𝑒𝑒𝑡𝑡𝑡𝑡𝑡𝑡𝑒𝑒𝑡𝑡𝑒𝑒)���������������������������������������𝑖𝑖+ 𝛽𝛽32(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑠𝑠𝑡𝑡ℎ𝑜𝑜𝑜𝑜𝑖𝑖 𝑠𝑠𝑖𝑖𝑠𝑠𝑒𝑒)𝑖𝑖 + 
𝛽𝛽33(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑚𝑚𝑒𝑒𝑡𝑡𝑔𝑔 𝑆𝑆𝑆𝑆𝑆𝑆)𝑖𝑖 + 𝛽𝛽34(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑚𝑚𝑒𝑒𝑡𝑡𝑔𝑔 𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡ℎ𝑒𝑒𝑒𝑒 𝑒𝑒𝑔𝑔𝑢𝑢𝑡𝑡𝑡𝑡𝑡𝑡𝑖𝑖𝑜𝑜𝑔𝑔)𝑖𝑖 + 
𝛽𝛽35(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑝𝑝𝑒𝑒𝑒𝑒 − 𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑒𝑒𝑔𝑔𝑡𝑡 𝑒𝑒𝑒𝑒𝑝𝑝𝑒𝑒𝑔𝑔𝑔𝑔𝑖𝑖𝑡𝑡𝑢𝑢𝑒𝑒𝑒𝑒)𝑖𝑖 + 
𝛽𝛽36(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑚𝑚𝑒𝑒𝑡𝑡𝑔𝑔 𝑡𝑡𝑡𝑡𝑡𝑡𝑔𝑔𝑒𝑒𝑚𝑚𝑖𝑖𝑡𝑡 𝑝𝑝𝑒𝑒𝑒𝑒𝑠𝑠𝑠𝑠𝑢𝑢𝑒𝑒𝑒𝑒)𝑖𝑖 + 
𝛽𝛽37(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑚𝑚𝑒𝑒𝑡𝑡𝑔𝑔 𝑝𝑝𝑡𝑡𝑒𝑒𝑒𝑒𝑔𝑔𝑡𝑡𝑡𝑡𝑖𝑖 𝑖𝑖𝑔𝑔𝑙𝑙𝑜𝑜𝑖𝑖𝑙𝑙𝑒𝑒𝑚𝑚𝑒𝑒𝑔𝑔𝑡𝑡)𝑖𝑖 + 
𝛽𝛽38(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑝𝑝𝑒𝑒𝑖𝑖𝑔𝑔𝑡𝑡𝑖𝑖𝑝𝑝𝑡𝑡𝑖𝑖 𝑖𝑖𝑒𝑒𝑡𝑡𝑔𝑔𝑒𝑒𝑒𝑒𝑠𝑠ℎ𝑖𝑖𝑝𝑝)𝑖𝑖 + 𝛽𝛽39(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑠𝑠𝑡𝑡ℎ𝑜𝑜𝑜𝑜𝑖𝑖 𝑡𝑡𝑢𝑢𝑡𝑡𝑜𝑜𝑔𝑔𝑜𝑜𝑚𝑚𝑦𝑦)𝑖𝑖 + 
𝛽𝛽40(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑒𝑒𝑒𝑒𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡𝑢𝑢𝑒𝑒𝑒𝑒𝑖𝑖𝑡𝑡𝑢𝑢𝑖𝑖𝑡𝑡𝑒𝑒 𝑡𝑡𝑡𝑡𝑡𝑡𝑖𝑖𝑙𝑙𝑖𝑖𝑡𝑡𝑖𝑖𝑒𝑒𝑠𝑠)𝑖𝑖  + 
𝛽𝛽41(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑚𝑚𝑒𝑒𝑡𝑡𝑔𝑔 𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖  + 𝑢𝑢0𝑘𝑘
(3) + 𝑢𝑢1𝑘𝑘
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where 𝑦𝑦𝑖𝑖 represents the outcome of study load of student i; 𝛽𝛽0 represents the intercept of 
the model; 𝛽𝛽1  represents the effect of study load on science achievement; 𝛽𝛽2  to 𝛽𝛽24 
represent the effect of student, teacher, and school characteristics on science achievement; 
𝛽𝛽25  to 𝛽𝛽41  represent the cross-level interaction effects of study load with teacher and 
school characteristics on science achievement; 𝑢𝑢0𝑘𝑘
(3) represents the random effect of the 
intercept of school j; 𝑢𝑢1𝑘𝑘
(3)  represents the random effect of the slope of school j; 
∑ 𝑤𝑤𝑗𝑗,𝑖𝑖
(2) {𝑢𝑢0𝑗𝑗
(2) + 𝑢𝑢1𝑗𝑗
(2)(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖}𝑗𝑗∈𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡ℎ𝑡𝑡𝑒𝑒 (𝑖𝑖)  represents weighted sum of teacher effects 
where the weight 𝑤𝑤𝑗𝑗,𝑖𝑖
(2) measures the extent to which student i associated to the teacher j 
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with the random effects 𝑢𝑢0𝑗𝑗
(2) (intercept) and  𝑢𝑢1𝑗𝑗
(2) (slope of study load); 𝑒𝑒0𝑖𝑖  represents a 
level-1 residential error; 𝜎𝜎𝑢𝑢0(3)
2  and 𝜎𝜎𝑢𝑢1(3)
2  are the variance components at the school level; 
𝜎𝜎𝑢𝑢01(3)
2  is the covariance between the intercept and the slope at the school level; 𝜎𝜎𝑢𝑢0(2)
2  and 
𝜎𝜎𝑢𝑢1(2)
2  are the variance components at the teacher level; 𝜎𝜎𝑢𝑢01(2)
2  is the covariance at the 
teacher level; 𝜎𝜎0𝑡𝑡2  represents the variance component at the student level. 
Model Summary 
In the present analysis, the second step’s three-level multiple membership 
multilevel models can be summarized as: 
𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔 = 𝑙𝑙(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑒𝑒𝑔𝑔𝑡𝑡, 𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡ℎ𝑒𝑒𝑒𝑒, 𝑠𝑠𝑡𝑡ℎ𝑜𝑜𝑜𝑜𝑖𝑖) 
Where study load includes six components and the total of the six. 
Three-level multiple membership multilevel models in the third step can be 
summarized as: 
𝑠𝑠𝑡𝑡𝑖𝑖𝑒𝑒𝑔𝑔𝑡𝑡𝑒𝑒 𝑡𝑡𝑡𝑡ℎ𝑖𝑖𝑒𝑒𝑙𝑙𝑒𝑒𝑚𝑚𝑒𝑒𝑔𝑔𝑡𝑡 = 𝑙𝑙(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔, 𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑒𝑒𝑔𝑔𝑡𝑡, 𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡ℎ𝑒𝑒𝑒𝑒, 𝑠𝑠𝑡𝑡ℎ𝑜𝑜𝑜𝑜𝑖𝑖) 
Where study load includes six components and the total of the six. For exploring absolute 
effects of study load on science achievement, each component of study load and the total 
study load will be included in a three-level multiple membership multilevel model one by 
one. Next, each component of study load and the total study load will be included 
simultaneously with student, teacher, and school characteristics in a three-level multiple 
membership multilevel model one by one to investigate relative effects of study load on 
science achievement. 
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Software Packages 
We utilize the software packages SPSS version 24 to generate descriptive statistics 
and MLwiN version 3.04 (Rasbash et al.,2009) to run multiple membership multilevel 
models, in which parameters are estimated via the Markov Chain Monte Carlo (MCMC) 
method (Browne, 2009).  
Special Statistical Issues 
Missing Data 
In the current analyses, missing data rates range from two percent to eight percent 
across about 40 variables at student, teacher, and school levels. Specifically, at the student 
level, 3,421 (eight percent) missing values on family social economic status (SES), 2,567 
(six percent) missing values on variables of left-behind and migrant children; at the teacher 
level, because we will derive and enter into the model specification, a new teacher-level 
variable which will be a weighted average of the teacher variable (e.g., gender) across the 
group of teachers who taught each student, no missing data existed at the teacher level; 
and at the school level, there were 1,963 (five percent) missing values on per-student 
expenditure and 919 (two percent) missing values on variables of school size, school 
autonomy, and extracurricular activities. Giving the large sample size in this dissertation 
research, partnered with small missing data rates (less than 10%), missing data should not 
be a serious issue for the MMMM analyses. Furthermore, cases with missing data at any 
level are allowed in MLwiN and the MMMM technique with the MCMC estimation can 
handle missing data, including missing completely at random (MCAR) and missing at 
random (MAR), without discarding those cases. 
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Typical Student 
A typical student is defined as an average member of the population who possesses 
the most common individual characteristics, such as average family SES. In the case of 
dichotomous variables, the typical student is a member of the group coded as zero, such as 
both-parent household and non-migrant child. The typical student can be estimated by 
centering the continuous independent variables and using the reference categories of 
dummy variables (i.e., groups with code=0). Once a regression model is estimated, the 
intercept is the focus because it measures the “behavior” (e.g., performance) of the typical 
student. In this dissertation research, the typical student is used to provide a representative 
measure concerning the effects of study load on science achievement. 
Optimal Conditions 
This study aims to address a core research question of “Can less be more?” 
concerning study load. This idea reflects the philosophy of pursuing efficiency and 
effectiveness on learning, namely that a lighter study load may result in more success in 
academic achievement. In addressing this core research question, an effort will be made to 
identify optimal conditions concerning the effects of study load on science achievement. 
Specifically, after running the MMMM analyses, based on direction (negative vs. positive) 
and magnitude of coefficients concerning each of the six components of study load and the 
total study load, optimal conditions will be sought that effectively reflects the idea of “less 
is more” when characterizing the relationships between study load and science 
achievement. 
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CHAPTER 4.  RESULTS 
Descriptive Statistics  
In the first step of the present analyses, there are two aspects of results: 1) 
descriptive statistics of structural characteristics of study load, which address the first 
research question of “What are the structural characteristics of study load among Chinese 
eight-grade students?” and 2) descriptive statistics of student, teacher, and school 
characteristics that were included in the multiple membership multilevel models in the 
second and third steps of the analyses.     
Descriptive Statistics of Structural Characteristics of Study Load 
 Table 3 shows descriptive statistics indicating structural characteristics of study 
load among Chinese eighth-grade students. On average, Chinese eighth graders committed 
62 hours to academic activities in one typical week, including both weekdays and 
weekends, which is about 55% of students’ available time excluding sleeping time (eight 
hours). A daily average study load was nine hours on weekdays (six hours in-school 
learning, two to three hours doing homework, and a half-hour after-school learning) and 
eight hours on weekends (three hours learning in school, three to four hours doing 
homework, and one and half an hour of learning after school). For those students who had 
the heaviest study load (0.06%), in one typical school week, they spent 146 hours (about 
87% of the total weekly time) doing homework and learning in and after school. This means 
21 hours were committed to academic activities per day, including eight hours taking 
courses, eight hours completing homework, and four to five hours learning after school.  
According to correlation coefficients among six components of study load and total 
study load, moderate to strong relationships existed between total study load and 
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homework hours on weekdays and weekends, which were .77 and .63, respectively. 
Meanwhile, there was a positive and moderate relationship between two components of 
homework, which was .62, namely more time spent doing homework on weekdays was 
associated with more homework hours on weekends (see Appendix B).  
Descriptive Statistics of Student, Teacher, and School Characteristics 
At the student level, among 40,536 students, 47% were girls, 24% were single 
children, seven percent were those students with single-parent household, two percent were 
left-behind children who did not live with their parents, and 22% were migrant children 
who moved from the country to the city with their parents (see Appendix C for more 
details). Mean family social economic status (SES) was 0.07 (SD = .77). Moreover, 
correlation coefficients among student characteristics ranged from about zero to .35, which 
were smaller than |.40|. Most of them (11 out of 15) shared negative-relationship patterns. 
For instance, migrant children tended to come from those families with lower SES (see 
Appendix B).  
At the teacher level, among 946 science teachers across three subjects (physics, 
biology, and geography), 67% were females, 17% were issued an advanced professional 
tile, nearly half  (51%) were those science teachers who had been teaching for more than 
10 years, 96% were those science teachers who held a bachelor’s degree or higher degree 
(master’s degree or Ph.D.), and about 30% were science teachers simultaneously serving 
as a homeroom teacher who usually played a significant role by being a counselor, 
administrator, and disciplinarian for students in a class or classes (see Appendix C). 
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Table 3 
Descriptive Statistics Indicating Structural Characteristics of Study Load among Chinese 
Students  
Note. Measurement unit for study load is hour.  
 
  
Study load Mean SD Min Max 
In-school learning on weekdays 30.93 5.21 15.00 41.25 
Homework on weekdays 12.88 8.23 0.00 40.00 
After-school learning on weekdays 2.40 3.66 0.00 22.00 
In-school learning on weekends 6.06 6.22 0.00 16.50 
Homework on weekends 6.74 3.43 0.00 16.00 
After-school learning on weekends 2.92 3.60 0.00 10.00 
Total study load on weekdays and weekends 61.89 17.33 3.50 145.75 
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Meanwhile, science teachers reported that in the previous semester, they sometimes 
or often had opportunities for attending activities of professional development, such as 
participating in research, sharing experiences and discussing questions with colleagues, 
and listening to lectures given by experts (M = 3.61, SD = .76). Science teachers reported 
that they sometimes or often applied inquiry-based approaches to their science classes (M 
= 3.67, SD = .78). Furthermore, correlation coefficients among teacher characteristics 
ranged from -0.1 to .47. The strongest relationship existed between professional growth 
and science class practice, indicating more opportunities for professional development and 
more frequency of adopting inquiry-based approaches for science class practice (see 
Appendix C).   
At the school level, among 118 schools, mean school (enrollment) size was 1,372 
students. Mean SES aggregated from each student’s SES within the school was -0.04 (SD 
= .46), which was lower than the average from the entire 2016 PAEQ data. Moreover, 97% 
of teachers in all subjects within the school held a bachelor’s degree or a graduate degree 
(master’s degree or Ph.D.). Mean per-student expenditure was 11,804 (Chinese RMB, 
approximately equal to $1,700) with a large standard deviation of 14,148, which was 
measured by dividing school annual expenditure over school (enrollment) size. Mean 
academic pressure indicated the average level of mental stress associated with academic 
activities within the school. It had a mean of 3.48 on 5-point scale. Similarly, mean parental 
involvement revealed an average frequency of parents participating in their children’s 
academic activities in and outside school. The average frequency of parents involved in 
their children’s learning at the school level fell between one to three times per month and 
one to three times per week (M = 3.18, SD = .33). Mean scores of principal leadership and 
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school autonomy were 3.64 (SD = .33) and 2.29 (SD = .33), respectively. A higher score 
for principal leadership indicated that the principal’s behaviors more often demonstrated 
democratic government patterns. Also, a higher score for school autonomy revealed that 
the school more often had the authority to make decisions. Schools typically provided two 
and three types of extracurricular activities for students among four different types of 
school-based and development-related curricular (M = 2.71, SD = .95). Mean study load 
within the school was about 80 hours (SD = 6.43), which is higher than the average total 
study load (62 hours) at the student level. In addition, according to those correlations of 
school characteristics, coefficients among mean SES, mean parental involvement in 
learning, and mean study load within the school were moderate to strong, which fell into 
the range from .54 to .71 (see Appendix D).  
Study Load as Dependent Variables 
In the second step of the current analyses, to address the second and third research 
questions regarding the examination of the effects of student, teacher, and school 
characteristics on study load, six components and total study load were separately modeled 
as dependent variables, one by one. During the process of the analyses, seven three-level 
multiple membership multilevel models were established. The model parameters were 
estimated via the Markov Chain Monte Carlo (MCMC) method. "An important issue in 
MCMC estimation is judging how long a burn-in and monitoring chain are required" 
(Leckie & Owen, 2013, p. 20). As Leckie and Owen (2013) stated, “The longer the burn-
in, the more certain algorithm converges to a set of stable (equilibrium) posterior 
distribution and the longer the monitoring period, the more certain we are that the algorithm 
fully explores these distributions ” (p. 20). Effective sample size (ESS) generated by 
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MCMC diagnostics in MLwiN is the indicator that assists us to assess and judge how long 
to specify the burn-in and monitoring chain periods for models (Leckie & Owen, 2013). 
After exploration, we used a burn-in of 500 iterations followed by a monitoring chain of 
10,0000 iterations to gain a large effective sample size (ESS, larger than 1,000) via which 
the parameters were reliably estimated in multiple membership multilevel models. 
Variance Components 
Table 4 represents variance components in study load that were estimated by null 
MMMMs. The largest proportions of variances in study load were revealed at the student 
level, meaning individual difference mainly resulted in the variances in study load.  
However, variance components at the teacher and school levels demonstrated 
different patterns. Specifically, variance components of in-school learning both on 
weekdays and weekends were much larger at the school level, while variance components 
of homework both on weekdays and weekends were greater at the teacher level. All 
variance components at different levels across seven variables of study load were 
significant (p<.001). This indicated we could add student, teacher, and school 
characteristics to models for prediction. 
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Table 4 
Results of Null Three-Level MMMMs Estimating Variance Components in Study Load 
 Student level Teacher level School level 
 Variance SE Variance SE Variance SE 
On weekdays        
In-school 
learning 24.30*** 0.17 1.21*** 0.24 2.80*** 0.42 
Homework 62.11*** 0.44 5.79*** 0.78 3.64*** 0.64 
After-school 
learning 12.73*** 0.09 0.69*** 0.11 0.49*** 0.09 
On weekends       
In-school 
learning  36.22*** 0.26 0.64*** 0.18 2.29*** 0.34 
Homework  10.17***  0.07 1.73*** 0.19 1.13*** 0.19 
After-school 
learning 11.34***  0.08 0.93*** 0.13 1.39*** 0.21 
Total study load 
on weekdays 
and weekends 
267.95***  1.90 25.33*** 3.48 25.16***  4.07 
*** p<.001. 
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Effects of Student, Teacher, and School Characteristics on Study Load 
In the current analyses, we first adopted the MCMC method to run single-level 
models in which only variation at the student level were taken into consideration, which 
means there were no cluster effects at the teacher and school level, and then to run three-
level null MMMMs through setting random intercepts at the teacher and school levels. 
Finally, all three-level predictor variables were added into full MMMMs. Tables 5A, 5B, 
5C demonstrated the results of full MMMMs estimating fixed and random effects on study 
load, as well as model comparison of three types of models (single-level models, null 
MMMMs, and full MMMMs). 
In the context of the MCMC estimation, the Bayesian Deviance Information 
Criterion (DIC) is a generalization of Akaike’s Information Criterion (AIC), so that DIC 
values for different models can be compared directly. Lower values reflect superior models 
and differences in DIC values of more than 7 to10 units between two models are regarded 
as strong evidence in favor of the model with the smaller DIC (Leckie, 2013).  
In Tables 5A, 5B, 5C, we see that compared to single-level models, null MMMMs 
reduced the values of DIC by a range of 269 (in in-school learning on weekends) to 729 
(in homework on weekends). This indicated that the null MMMM was the better fit for the 
data for each of seven models estimating study load. Moreover, in comparison to null 
MMMMs, full MMMMs with three-level predict variables reduced the values of DIC by a 
range of 40,013 (in homework on weekends) to 65,033 (in total study load both on 
weekdays and weekends). This demonstrated that, for each of MMMMs, the full model 
including student, teacher, and school characteristics was the best fit for the data among 
those three types of models. 
As Tables 5A, 5B, 5C demonstrated, at the student level, gender gap was 
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statistically significant across multiple components of study load. Specifically, boys had 
heavier study loads on weekdays, except homework hours, while girls had heavier study 
loads on weekends, except in-school learning hours. Effect size ranged from .07 SD (in in-
school learning on weekends) to .13 SD (in homework on weekends). Students with higher 
SES had heavier study loads than students with lower SES significantly across six aspects 
of study load, except in-school learning on weekends. Effect size ranged from .04 SD (in 
in-school learning on weekdays) to .17 SD (in after-school learning on weekends). 
Moreover, statistically significant student effects that scattered across the six components 
of study load and total study load were also present. Students who were single children had 
heavier study loads in in-school learning both on weekdays and weekends, while students 
who had one sibling or multiple siblings spent more hours doing homework and after-
school learning on weekends. Effect size ranged from .03 SD (in in-school learning on 
weekdays) to .09 (in after-school learning on weekends). Students from two-parent families 
committed more hours to homework and after-school learning on weekends. Also, they 
had a heavier total study load than students from single-parent families. Effect size ranged 
from .04 SD (in total study load) to .08 SD (in after-school learning on weekends). Students 
who lived with other adults because their parents regularly worked outside their 
hometowns committed fewer hours to in-school learning (effect size = .10 SD) but spent 
more hours learning after school on weekdays (effect size = .10 SD). In addition, significant 
differences existed in in-school learning on weekends (effect size = .03 SD), homework on 
weekends (effect size = .03 SD), after-school learning both on weekdays (effect size = .05 
SD) and weekends (effect size = .10 SD), and total study load (effect size = .04 SD), 
between native and migrant students. 
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At the teacher level, statistically significant results were scarce across the six 
components of study load and total study load. Students who were taught by male science 
teachers committed more time to in-school learning on regular school days (effect size = 
.08 SD). Students whose science teachers more often applied inquiry-based approaches to 
science classes committed more hours to in-school learning (effect size = .05 SD) and fewer 
hours to after-school learning (effect size = .05 SD) on weekdays. Students whose science 
teachers acted as homeroom teachers had a heavier total study load and spent more hours 
doing homework both on weekdays and weekends. Effect size ranged from .08 SD (in total 
study load and homework on weekdays) to .09 SD (in homework on weekends). 
Meanwhile, students whose science teachers had teaching experience of more than 10 years 
spent more hours learning after school on weekends (effect size = .08 SD). 
At the school level, statistically significant associations between study load and 
school characteristics represented in the realms of both school context and climate. Mean 
academic pressure boosted study loads across multiple components of study load and total 
study load, except in-school learning on weekdays and after-school learning on weekends. 
Effect size ranged from .45 SD (in in-school learning on weekends) to .65 SD (in total 
study load). Mean parental involvement increased hours students spent doing homework 
on both weekdays and weekends, after-school learning on weekdays as well as in-school 
learning on weekends. Higher mean parental involvement was also related to a heavier 
study load. Effect size ranged from .27 SD (in homework on weekends) to .52 SD (in total 
study load). Mean SES impacted study loads on weekends. Effect size ranged from .26 SD 
(in homework on weekends) to .40 SD (in after-school learning on weekends). Students 
who enrolled in the school that had a higher mean SES spent fewer hours learning at school 
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but more hours attending a shadow education system, private tutoring, or doing homework 
on weekends. Moreover, other variables depicting school climate, such as principal 
leadership and school autonomy, also influenced some components of study load. For 
instance, students who attended schools in which principals’ behaviors more often 
demonstrated democratic government, support for teaching, and support for professional 
development had lighter study loads of learning at school both on weekdays (effect size = 
.21 SD) and weekends (effect size = .19 SD). However, students who enrolled in schools 
in which principals had more authority to make decisions, such as decisions regarding 
teachers’ benefits and curriculum reform, committed more hours to in-school learning on 
weekdays (effect size = .20 SD) and after-school learning on weekends (effect size = .14 
SD). Students who attended schools with lower per-student expenditure spent more hours 
in-school learning on weekdays. However, it had a small effect size of close to zero.  
Furthermore, as Tables 5A, 5B, 5C demonstrated, in terms of proportion of variance 
in study load explained by full MMMMs, we found that, at the student level full models 
interpreted variances ranged from one percent (in in-school learning on weekends) to six 
percent (in after-school learning on weekdays). At the teacher level, full models explained 
variances ranged from 12% (in homework on weekdays) to 27% (in after-school learning 
on weekends). However, full models hardly interpreted variances in two components of 
study load at the teacher level (after-school learning on weekdays and in-school learning 
on weekends). At the school level, variances in the seven aspects of study load were 
explained by full models better than other two levels (student and teacher). The range was 
from two percent (in in-school learning on weekdays) to 82% (in after-school learning on 
weekends). 
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Table 5A 
Results of MMMMs Estimating Effects of Student, Teacher, and School Characteristics on 
Study Load on Weekdays, Random Effects, and Model Comparison 
 In-school learning 
on weekdays 
Homework on 
weekdays 
After-school learning 
on weekdays 
Fixed effect Effect SE Effect SE Effect SE 
Intercept (𝛽𝛽0) 32.29*** 0.71 13.15*** 0.99 2.56*** 0.39 
Student-level       
Gender (𝛽𝛽1) -0.46*** 0.05 0.13 0.09 -0.35*** 0.04 
SES (𝛽𝛽2) 0.22*** 0.04 0.88*** 0.07 0.53*** 0.03 
One child (𝛽𝛽3) -0.18* 0.07 -0.08 0.12 -0.10 0.05 
Single-parent 
household (𝛽𝛽4) -0.13 0.11 -0.01 0.17 0.03 0.08 
Left-behind child 
(𝛽𝛽5) -0.53** 0.20 0.08 0.31 0.37** 0.14 
Migrant child 
(𝛽𝛽6) -0.10 0.07 0.01 0.11 -0.20*** 0.05 
Teacher-level       
Gender (𝛽𝛽7) -0.41* 0.17 0.20 0.31 0.04 0.13 
Professional 
title (𝛽𝛽8) 0.01 0.23 0.38 0.43 -0.11 0.17 
Teaching 
experience (𝛽𝛽9) -0.11 0.19 0.02 0.34 0.04 0.14 
Education level 
(𝛽𝛽10) -0.22 0.40 -0.84 0.75 0.02 0.31 
Homeroom 
teacher (𝛽𝛽11) -0.16 0.17 0.66* 0.31 0.25 0.13 
Professional 
growth (𝛽𝛽12) 0.02 0.12 -0.37 0.21 0.03 0.09 
Science classroom 
practice (𝛽𝛽13) 0.25* 0.11 -0.07 0.20 -0.18* 0.08 
School-level       
School size (𝛽𝛽14) 0.04 0.02 0.00 0.03 -0.02 0.01 
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Table 5A (continued) 
* p<.05, ** p<.01, *** p<.001. 
 In-school learning on weekdays 
Homework on 
weekdays 
After-school learning 
on weekdays 
Fixed effect Effect SE Effect SE Effect SE 
Mean SES (𝛽𝛽15) 0.24 0.60 -0.01 0.65 -0.10 0.25 
Mean teacher 
education (𝛽𝛽16) 
-0.03 0.04 0.02 0.05 0.01 0.02 
Per-student 
expenditure (𝛽𝛽17) 
-0.002* 0.001 -0.00 0.00 0.00 0.00 
Mean academic 
pressure (𝛽𝛽18) 
1.59 1.03   4.08*** 1.12 0.40 0.42 
Mean parental 
involvement (𝛽𝛽19) 
0.92 1.10 3.36** 1.17 1.28** 0.44 
Principal 
leadership (𝛽𝛽20) 
-1.09* 0.53 -0.13 0.57 0.26 0.22 
School 
autonomy (𝛽𝛽21) 
1.05* 0.53 0.06 0.56 0.33 0.21 
Extracurricular 
 (𝛽𝛽22) 
-0.18 0.19 0.02 0.20 -0.03 0.08 
Random effect Variance SE Variance SE Variance SE 
Intercept-Student 
(𝑒𝑒0𝑖𝑖) 
23.70*** 0.19 60.25*** 0.47 0.30*** 0.07 
Intercept-Teacher 
(𝑢𝑢0,   𝑇𝑇𝑡𝑡𝑡𝑡𝑡𝑡ℎ𝑡𝑡𝑒𝑒(𝑖𝑖)
(2) ) 0.99*** 0.22 5.11*** 0.75 0.76*** 0.12 
Intercept-School 
(𝑢𝑢0,   𝑆𝑆𝑡𝑡ℎ𝑜𝑜𝑜𝑜𝑜𝑜(𝑖𝑖)
(3) ) 2.74*** 0.44 2.25*** 0.50 11.94*** 0.09 
Percentage of variance 
explained                                  %                               %                                 % 
∆𝑅𝑅0,𝑖𝑖 2.00 3.00 6.00 
∆𝑅𝑅0,   𝑇𝑇𝑡𝑡𝑡𝑡𝑡𝑡ℎ𝑡𝑡𝑒𝑒(𝑖𝑖)
(2)  18.00 12.00 0.00 
∆𝑅𝑅0,   𝑆𝑆𝑡𝑡ℎ𝑜𝑜𝑜𝑜𝑜𝑜(𝑖𝑖)
(3)  2.00 38.00 39.00 
Model comparison                    DIC                                DIC                                   DIC 
Single-level model 248587.74 285805.67 220032.04 
Null model 244449.24 282719.00 218210.48 
Full model 198379.48 229371.24 175748.78 
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Table 5B 
Results of MMMMs Estimating Effects of Student, Teacher, and School Characteristics 
on Study Load on Weekends, Random Effects, and Model Comparison 
 In-school learning on 
weekends 
Homework on 
weekends 
Fixed effect Effect SE Effect SE 
Intercept (𝛽𝛽0) 7.71*** 0.66 6.36*** 0.42 
Student-level     
Gender (𝛽𝛽1) -0.44*** 0.07 0.43*** 0.04 
SES (𝛽𝛽2) 0.05 0.05 0.45*** 0.03 
One child (𝛽𝛽3) -0.45*** 0.09 0.17*** 0.05 
Single-parent household (𝛽𝛽4) -0.06 0.13 -0.26*** 0.07 
Left-behind child (𝛽𝛽5) 0.13 0.24 0.02 0.13 
Migrant child (𝛽𝛽6) -0.20* 0.09 0.12* 0.05 
Teacher-level     
Gender (𝛽𝛽7) -0.03 0.18 -0.06 0.14 
Professional title (𝛽𝛽8) 0.04 0.25 0.33 0.19 
Teaching experience (𝛽𝛽9) -0.38 0.20 0.09 0.15 
Education level (𝛽𝛽10) -0.65 0.43 -0.05 0.34 
Homeroom teacher (𝛽𝛽11) 0.11 0.19 0.31* 0.14 
Professional growth (𝛽𝛽12) 0.09 0.13 -0.15 0.10 
Science classroom 
practice (𝛽𝛽13) 0.09 0.12 0.04 0.09 
School-level     
School size (𝛽𝛽14) 0.01 0.02 0.01 0.01 
Mean SES (𝛽𝛽15) -2.02*** 0.50 0.90*** 0.24 
Mean teacher education (𝛽𝛽16) 0.00 0.03 0.02 0.02 
Per-student expenditure (𝛽𝛽17) 0.00 0.00 -0.00 0.00 
Mean academic pressure (𝛽𝛽18) 2.77** 0.85 1.84*** 0.43 
Mean parental  
involvement (𝛽𝛽19) 2.17* 0.90 0.94* 0.44 
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Table 5B (continued) 
 In-school learning on 
weekends 
Homework on 
weekends 
Fixed effect Effect SE Effect SE 
Principal leadership (𝛽𝛽20) -1.19** 0.44 0.17 0.22 
School autonomy (𝛽𝛽21) -0.61 0.43 0.01 0.21 
Extracurricular (𝛽𝛽22) -0.20 0.16 0.01 0.07 
Random effect Variance SE Variance SE 
Intercept-Student (𝑒𝑒0𝑖𝑖) 35.89*** 0.28 9.80*** 0.08 
Intercept-Teacher 
(𝑢𝑢0,   𝑇𝑇𝑡𝑡𝑡𝑡𝑡𝑡ℎ𝑡𝑡𝑒𝑒(𝑖𝑖)
(2) ) 0.84*** 0.23 1.33*** 0.17 
Intercept-School 
(𝑢𝑢0,   𝑆𝑆𝑡𝑡ℎ𝑜𝑜𝑜𝑜𝑜𝑜(𝑖𝑖)
(3) ) 1.71*** 0.29 0.23** 0.07 
Percentage of variance explained                   %                                  % 
∆𝑅𝑅0,𝑖𝑖 1.00 4.00 
∆𝑅𝑅0,   𝑇𝑇𝑡𝑡𝑡𝑡𝑡𝑡ℎ𝑡𝑡𝑒𝑒(𝑖𝑖)
(2)  0.00 23.00 
∆𝑅𝑅0,   𝑆𝑆𝑡𝑡ℎ𝑜𝑜𝑜𝑜𝑜𝑜(𝑖𝑖)
(3)  25.00 80.00 
Model comparison                                       DIC                                DIC 
Single-level model 262908.50 214878.74 
Null model 260474.44 209437.38 
Full model 211998.13 169424.00 
* p<.05, ** p<.01, *** p<.001. 
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Table 5C 
Results of MMMMs Estimating Effects of Student, Teacher, and School Characteristics on 
Study Load on Weekends and Total Study Load, Random Effects, and Model Comparison 
 After-school learning on 
weekends 
Total study load on 
weekdays and weekends 
Fixed effect Effect SE Effect SE 
Intercept (𝛽𝛽0) 2.26*** 0.37 64.51*** 2.13 
Student-level     
Gender (𝛽𝛽1) 0.41*** 0.04 -0.27 0.18 
SES (𝛽𝛽2) 0.60*** 0.03 2.70*** 0.14 
One child (𝛽𝛽3) 0.31*** 0.05 -0.31 0.24 
Single-parent household (𝛽𝛽4) -0.30*** 0.07 -0.71* 0.36 
Left-behind child (𝛽𝛽5) -0.16 0.13 -0.12 0.64 
Migrant child (𝛽𝛽6) -0.36*** 0.05 -0.72** 0.23 
Teacher-level     
Gender (𝛽𝛽7) 0.03 0.12 -0.32 0.65 
Professional title (𝛽𝛽8) -0.04 0.17 0.69 0.89 
Teaching experience (𝛽𝛽9) 0.30* 0.13 -0.14 0.70 
Education level (𝛽𝛽10) 0.20 0.29 -1.76 1.55 
Homeroom teacher (𝛽𝛽11) 0.15 0.12 1.37* 0.65 
Professional growth (𝛽𝛽12) -0.08 0.08 -0.40 0.45 
Science classroom 
practice (𝛽𝛽13) 0.09 0.08 0.20 0.42 
School-level     
School size (𝛽𝛽14) -0.00 0.01 0.04 0.06 
Mean SES (𝛽𝛽15) 1.45*** 0.23 0.42 1.47 
Mean teacher education (𝛽𝛽16) 0.01 0.02 0.03 0.10 
Per-student expenditure (𝛽𝛽17) -0.00 0.00 -0.00 0.00 
Mean academic pressure (𝛽𝛽18) 0.65 0.39 11.25*** 2.54 
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Table 5C (continued) 
 After-school learning on 
weekends 
Total study load on 
weekdays and weekends 
Fixed effect Effect SE Effect SE 
Mean parental 
involvement (𝛽𝛽19) 0.38 0.41 8.97*** 2.65 
Principal leadership (𝛽𝛽20) 0.03 0.20 -2.02 1.29 
School autonomy (𝛽𝛽21) 0.49* 0.19 1.36 1.27 
Extracurricular (𝛽𝛽22) 0.04 0.07 -0.31 0.46 
Random effect Variance SE Variance SE 
Intercept-Student (𝑒𝑒0𝑖𝑖) 10.79*** 0.09 254.41*** 2.00 
Intercept-Teacher 
(𝑢𝑢0,   𝑇𝑇𝑡𝑡𝑡𝑡𝑡𝑡ℎ𝑡𝑡𝑒𝑒(𝑖𝑖)
(2) ) 0.68*** 0.11 21.63*** 3.20 
Intercept-School 
(𝑢𝑢0,   𝑆𝑆𝑡𝑡ℎ𝑜𝑜𝑜𝑜𝑜𝑜(𝑖𝑖)
(3) ) 0.25*** 0.06 12.71*** 2.57 
Percentage of variance explained                   %                                         % 
∆𝑅𝑅0,𝑖𝑖 5.00 5.00 
∆𝑅𝑅0,   𝑇𝑇𝑡𝑡𝑡𝑡𝑡𝑡ℎ𝑡𝑡𝑒𝑒(𝑖𝑖)
(2)  27.00 15.00 
∆𝑅𝑅0,   𝑆𝑆𝑡𝑡ℎ𝑜𝑜𝑜𝑜𝑜𝑜(𝑖𝑖)
(3)  82.00 49.00 
Model comparison                                        DIC                                      DIC 
Single-level model 218709.53 346216.41 
Null model 213562.00 341968.20 
Full model 172396.03 276935.33 
* p<.05, ** p<.01, *** p<.001. 
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Science Achievement as the Dependent Variable 
In the third step of the current analyses, the fourth and fifth research questions 
regarding the investigation of absolute and relative effects of study load on science 
achievement were addressed. During the process, seven three-level MMMMs were 
established, in which science achievement was treated as the dependent variable, and six 
components of study load and total study load were separately treated as the key 
independent variable, one by one. In order to get a large effective sample size (ESS, larger 
than 1,000) via which the parameters were reliably estimated in MMMMs, we used a burn-
in of 500 iterations followed by a monitoring chain of 300,000 iterations for each model of 
six component of study load and total study load, except the model of in-school learning 
on weekends, for which we adopted a burn-in of 500 iterations followed by a monitoring 
chain of 400,000 iterations to get a large ESS.  
Variance Components 
Tables 6A, 6B, 6C represented variance components at different levels estimated 
by MMMMs in which both intercepts and slopes of study load were treated as random 
effects. For each model, variance components of intercept at different levels were 
significant. Meanwhile, for the models, the largest variance components of science 
achievement were caused by individual difference, ranging from 8211.64 to 8359.49. 
Variance components of science achievement between teachers were larger than between 
schools, which was consistent across seven models. Moreover, variance components of 
slopes of homework on weekdays and weekends, after-school learning on weekends, as 
well as total study load were significant at both the teacher and school levels. For these 
models, we can use student, teacher, and school characteristics to predict both intercepts 
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and slopes. However, variance components of slopes of in-school learning on weekdays 
and weekends, as well as after-school learning on weekends, were only significant at either 
the teacher level or school level. Therefore, we put modeling efforts to those levels where 
variance components of slope of study load were significant. 
Absolute Effects of Study Load on Science Achievement 
Without adjusting for any student characteristics, in-school learning on weekdays 
and weekends as well as after-school learning on weekdays had significant and negative 
effects on science achievement. That meant students who had lighter these components of 
study loads scored higher in science. Conversely, homework and after-school learning on 
weekends demonstrated significant and positive effects on science performance. That 
indicated students who spent more time doing homework and after-school learning on 
weekends were more successful in science. For the significant coefficients, effect size 
ranged from .003 SD (in in-school learning on weekdays) to .03 SD (homework on 
weekends). The association between the total study load on weekdays and weekends with 
science achievement was slightly negative but not significant (see Tables 6A, 6B, 6C). 
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Table 6A 
Results of MMMM on the Absolute Effects of Study Load on Weekdays on Science 
Achievement and Variance Components in Null Models (Unconditional) 
 In-school learning on 
weekdays 
Homework on 
weekdays 
After-school learning 
on weekdays 
Fixed effect Effect SE Effect SE Effect SE 
Intercept (𝛽𝛽0)  489.22*** 4.09 489.48*** 4.16 489.13*** 4.13 
Study load (𝛽𝛽1) -0.27* 0.14 -0.04 0.10 -0.87*** 0.17 
Random effect Variance SE Variance SE Variance SE 
Intercept-
Student (𝑒𝑒0𝑖𝑖) 8356.60*** 59.60 8335.05*** 59.56 8359.49*** 59.60 
Intercept-
Teacher 
(𝑢𝑢0,   𝑇𝑇𝑡𝑡𝑡𝑡𝑡𝑡ℎ𝑡𝑡𝑒𝑒(𝑖𝑖)
(2) ) 
6085.03*** 474.57 5919.01*** 466.28 6059.76*** 476.48 
Intercept-
School 
(𝑢𝑢0,   𝑆𝑆𝑡𝑡ℎ𝑜𝑜𝑜𝑜𝑜𝑜(𝑖𝑖)
(3) ) 
991.89*** 220.28 1061.95*** 229.44 1026.48*** 225.13 
Slope-Teacher 
(𝑢𝑢1,   𝑇𝑇𝑡𝑡𝑡𝑡𝑡𝑡ℎ𝑡𝑡𝑒𝑒(𝑖𝑖)
(2) ) 0.99 0.57 1.27** 0.43 2.14* 1.04 
Slope-School 
(𝑢𝑢1,   𝑆𝑆𝑡𝑡ℎ𝑜𝑜𝑜𝑜𝑜𝑜(𝑖𝑖)
(3) ) 0.78* 0.28 0.45** 0.16 0.57 0.34 
* p<.05, ** p<.01, *** p<.001. 
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Table 6B 
Results of MMMM on the Absolute Effects of Study Load on Weekends on Science 
Achievement and Variance Components in Null Models (Unconditional) 
 In-school learning on 
weekends 
Homework on 
weekends 
Fixed effect Effect SE Effect SE 
Intercept (𝛽𝛽0)  489.18*** 4.08 490.42*** 3.95 
Study load (𝛽𝛽1) -1.17*** 0.11 3.51*** 0.27 
Random effect Variance SE Variance SE 
Intercept-Student (𝑒𝑒0𝑖𝑖) 8314.45*** 59.23 8211.64*** 58.74 
Intercept-Teacher 
(𝑢𝑢0,   𝑇𝑇𝑡𝑡𝑡𝑡𝑡𝑡ℎ𝑡𝑡𝑒𝑒(𝑖𝑖)
(2) ) 5993.58*** 471.26 5265.03*** 421.56 
Intercept-School 
(𝑢𝑢0,   𝑆𝑆𝑡𝑡ℎ𝑜𝑜𝑜𝑜𝑜𝑜(𝑖𝑖)
(3) ) 980.05*** 218.35 966.32*** 205.71 
Slope-Teacher 
(𝑢𝑢1,   𝑇𝑇𝑡𝑡𝑡𝑡𝑡𝑡ℎ𝑡𝑡𝑒𝑒(𝑖𝑖)
(2) ) 0.49 0.32 10.65** 3.26 
Slope-School 
(𝑢𝑢1,   𝑆𝑆𝑡𝑡ℎ𝑜𝑜𝑜𝑜𝑜𝑜(𝑖𝑖)
(3) ) 0.49** 0.18 3.76** 1.16 
** p<.01, *** p<.001. 
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Table 6C 
Results of MMMM on the Absolute Effects of Study Load on Weekends and Total Study 
Load on Science Achievement and Variance Components in Null Models (Unconditional) 
 After-school learning on 
weekends 
Total study load on 
weekdays and weekends 
Fixed effect Effect SE Effect SE 
Intercept (𝛽𝛽0)  490.05*** 4.04 489.84*** 4.13 
Study load (𝛽𝛽1) 2.07*** 0.23 -0.003 0.05 
Random effect Variance SE Variance SE 
Intercept-Student (𝑒𝑒0𝑖𝑖) 8296.78*** 59.25 8320.15*** 59.50 
Intercept-Teacher 
(𝑢𝑢0,   𝑇𝑇𝑡𝑡𝑡𝑡𝑡𝑡ℎ𝑡𝑡𝑒𝑒(𝑖𝑖)
(2) ) 5763.87*** 456.65 5955.28*** 469.43 
Intercept-School 
(𝑢𝑢0,   𝑆𝑆𝑡𝑡ℎ𝑜𝑜𝑜𝑜𝑜𝑜(𝑖𝑖)
(3) ) 981.30*** 213.94 1035.51*** 225.52 
Slope-Teacher 
(𝑢𝑢1,   𝑇𝑇𝑡𝑡𝑡𝑡𝑡𝑡ℎ𝑡𝑡𝑒𝑒(𝑖𝑖)
(2) ) 7.06** 2.13 0.35** 0.12 
Slope-School 
(𝑢𝑢1,   𝑆𝑆𝑡𝑡ℎ𝑜𝑜𝑜𝑜𝑜𝑜(𝑖𝑖)
(3) ) 2.35** 0.79 0.15** 0.05 
** p<.01, *** p<.001. 
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Relative Effects of Study Load on Science Achievement 
Tables 7A, 7B, 7C demonstrated relative effects of six components of study load 
and the total study load on students’ achievement in science. After we adjusted for student, 
teacher, and school characteristics, only one component of study load, in-school learning 
on weekends, maintained a significant and negative effect on science achievement. That 
meant students who had a lighter study load of in-school learning on weekends were more 
successful in science (effect size = .01 SD). In other words, students scored 1.19 points 
lower for every additional hour spent in-school learning on weekends, when holding other 
variables consistent.  
Model Comparison 
As Tables 7A, 7B, 7C displayed, compared with single-level models (no cluster 
effects at the higher levels), the null MMMMs reduced the DIC values a range of 8,969 to 
10,244 across seven MMMMs, which indicated null MMMMs were better fit for the data. 
That meant students’ science achievement and the association between study load and 
achievement did vary across different teachers and schools. Hence, cluster effects could 
not be ignored. Moreover, comparisons between three-level null and full MMMMs 
revealed that those full models reduced the DIC values by about 90,000, which can be 
regarded as strong evidence to support that the full MMMMs were the superior models. In 
addition, from the perspective of variance reduction, these full MMMMs explained two to 
three percent of variances in science achievement at the student level, eight to 11% at the 
teacher level, and 71-80% at the school level. They also interpreted 13% of variance in the 
slope of after-school learning on weekends at the teacher level, while at the school level 
they reduced from four percent of variance in the slope of after-school learning on 
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weekdays to 94% of variance in the slope of in-school learning on weekends.  
Effects of Student, Teacher, and School Characteristics on Science Achievement 
As Tables 7A, 7B, 7C showed, individual differences in gender, SES, one child, 
left-behind and migrant child were significantly and consistently related to science 
achievement across seven models in which six components of study load and total study 
load were treated as the key independent variables. Specifically, boys outperformed girls. 
Effect size ranged from .05 SD to .07 SD. There is a global effect size of .07 SD for gender 
differences in science achievement (Chiu, 2007), which was inside the effect size range in 
the current analyses. Students with higher SES achieved higher scores in science. Effect 
size ranged from .02 SD to .04 SD. Compared with the global effect size of .09 SD for 
socioeconomic effects on science achievement (Chiu, 2007), Chinese effect size in the 
present study showed weaker socioeconomic differences in science achievement. Those 
students who were an only child outperformed students who had one sibling or multiple 
siblings (effect size = .15 SD across seven models), which was stronger than relevant global 
measures of individual difference in science achievement, with .04 SD in favor of few 
siblings (Chiu, 2007). Left-behind children scored lower in the assessment (effect size = 
.19 SD across seven models). Students who were migrants from rural areas outperformed 
students who were not. Effect size ranged from .07 SD to .08 SD, which was the same as 
the effect of migrant status on science achievement (effect size = .08 SD) reported in the 
previous study considering Chinese context (Ma et al., 2018).  
Among teacher characteristics, homeroom teacher is the only salient characteristic 
for science achievement. Students who were taught by science teachers who also acted as 
homeroom teachers had higher scores across six models, except the model in which 
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homework on weekends predicted science achievement. Effect size ranged from .13 SD to 
.14 SD. For school contextual and climatic characteristics, mean SES and school autonomy 
were significantly and consistently associated with science achievement across seven 
aspects of study load. Specifically, students from schools with higher mean SES tended to 
be more successful in science. Effect size ranged between .53 SD and .54 SD. Sun et al. 
(2012) reported .28 SD as the effect size of school SES composition on science 
achievement in Hong Kong, which was much less than what we found in the present study. 
Students from schools with higher school autonomy scored lower in science. Effect size 
ranged from .19 SD to .23 SD. In addition, students who attended schools with higher mean 
academic pressure on average were less successful in science performance (effect size = 
.39 SD in after-school learning on weekdays and effect size = .43 SD in homework on 
weekends).  
Moderation Effects on the Slopes of Study Load 
Tables 7A, 7B, 7C also displayed significant cross-level moderators for the 
relationship between study load and science achievement. Among teacher characteristics, 
only teacher gender influenced the relationship between one component of study load and 
achievement. This indicated the positive effect of weekend, after-school learning on 
science scores became stronger among those students who were taught by one female 
science teacher or multiple female science teachers (interaction effect size = .02 SD). 
Moreover, for school contextual and climatic characteristics, mean SES, mean academic 
pressure, mean parental involvement, principal leadership, and school autonomy were 
significant moderators of the relationships across multiple components of study load. The 
negative associations between homework on weekdays and in-school learning on 
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weekends with achievement became stronger among those students who enrolled in 
schools with higher mean SES (interaction effect size = .007 SD). Similarly, the negative 
relationships between three aspects of study load (total, homework on weekdays, and 
weekends) with science got stronger for students who were from schools with higher mean 
parental involvement. Interaction effect size ranged from .008 SD to .05 SD. Again, the 
negative effect of weekend, in-school learning on science was stronger for those students 
from schools with higher school autonomy (interaction effect size = .007 SD). 
Nevertheless, among students who attended schools with higher mean academic pressure 
and school autonomy, the positive effects of homework and after-school learning during 
weekends on science became stronger. Interaction effect size ranged between .02 SD and 
.03 SD. Students who enrolled in schools where the principal demonstrated more 
democratic leadership behaviors got more science credits from in-school learning on 
weekdays (interaction effect size = .01 SD). In addition, mean study load within schools 
influenced the effects of in-school learning and homework during weekends on science 
(interaction effect size = .001 SD). Per-student expenditure was also the salient moderator 
of the slopes of homework on science during weekdays and weekends. However, their 
interaction effect sizes were less than .000. 
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Table 7A 
Results of MMMMs on the Relative Effects of Study Load on Weekdays on Science 
Achievement, Variance Components, and Model Comparison 
 In-school learning on 
weekdays 
Homework on 
weekdays 
After-school learning 
on weekdays 
Fixed effect Effect SE Effect SE Effect SE 
Intercept (𝛽𝛽0) 472.42*** 20.98 470.46*** 21.16 470.27*** 20.96 
Student-level       
Study load 
(SL) (𝛽𝛽1) 0.14 0.49 -1.22 0.76 -2.19 1.40 
Gender (𝛽𝛽2) -5.65*** 1.01 -5.77*** 1.01 -5.74*** 1.01 
SES (𝛽𝛽3) 3.57*** 0.82 3.39*** 0.83 3.86*** 0.83 
One child (𝛽𝛽4) 15.89*** 1.37 16.12*** 1.37 15.98*** 1.37 
Single-parent 
household (𝛽𝛽5) -3.74 2.03 -4.04* 2.03 -3.76 2.03 
Left-behind child 
(𝛽𝛽6) -20.09*** 3.67 -20.22*** 3.66 -19.71*** 3.66 
Migrant child 
(𝛽𝛽7) 7.84*** 1.34 7.63*** 1.34 7.70*** 1.34 
Teacher-level       
Gender (𝛽𝛽8) -4.49 7.14 -4.08 7.18 -3.76 7.20 
Professional 
title (𝛽𝛽9) 15.26 9.47 15.65 9.46 14.88 9.57 
Teaching 
experience (𝛽𝛽10) 4.28 7.62 4.11 7.66 5.65 7.69 
Education level 
(𝛽𝛽11) 5.41 17.86 7.59 17.78 3.96 17.89 
Homeroom 
teacher (𝛽𝛽12) 14.58* 7.00 13.92* 7.05 14.81* 7.15 
Professional 
growth (𝛽𝛽13) -3.10 4.78 -3.60 4.74 -3.88 4.74 
Science 
classroom 
practice (𝛽𝛽14) 
-0.45 4.47 -0.14 4.48 -0.34 4.48 
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Table 7A (continued) 
 In-school learning on weekdays 
Homework on 
weekdays 
After-school learning 
on weekdays 
Fixed effect Effect SE Effect SE Effect SE 
School-level       
School size (𝛽𝛽15) 0.03 0.41 0.00 0.43 -0.17 0.41 
Mean SES (𝛽𝛽16) 55.42*** 11.12 55.75*** 11.67 53.88*** 11.23 
Mean teacher 
education (𝛽𝛽17) 
0.55 0.83 0.48 0.87 0.65 0.82 
Per-student 
expenditure
 (𝛽𝛽18) 
-0.02 0.03 -0.03 0.03 -0.03 0.02 
Mean academic 
pressure (𝛽𝛽19) 
-40.33 20.98 -38.28 21.53 -45.15* 20.90 
Mean parental 
involvement
 (𝛽𝛽20) 
-11.76 21.48 -12.11 22.07 -15.12 21.46 
Principal 
leadership (𝛽𝛽21) 
-4.35 10.15 -4.09 10.36 2.24 10.27 
School 
autonomy (𝛽𝛽22) 
-24.21* 9.49 -23.70* 9.94 -20.50* 9.39 
Extracurricular
 (𝛽𝛽23) 
4.02 3.36 4.15 3.46 4.62 3.32 
Mean study load 
(𝛽𝛽24) 
0.71 0.63 0.76 0.64 1.15 0.64 
Cross-level interaction      
Teacher-level       
SL*Gender  (𝛽𝛽25)   0.15 0.28 0.69 0.58 
SL*Professional 
title (𝛽𝛽26) 
  -0.16 0.38 0.36 0.79 
SL*Teaching 
experience (𝛽𝛽27) 
  0.44 0.29 0.63 0.59 
SL*Education 
level (𝛽𝛽28) 
  0.91 0.66 0.37 1.28 
SL*Homeroom 
teacher  (𝛽𝛽29) 
  -0.21 0.27 -0.23 0.56 
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Table 7A (continued) 
 In-school learning on 
weekdays 
Homework on 
weekdays 
After-school learning 
on weekdays 
Fixed effect Effect SE Effect SE Effect SE 
SL*Professional 
growth  (𝛽𝛽30) 
  0.11 0.19 -0.11 0.38 
SL*Science 
classroom 
practice (𝛽𝛽31) 
  -0.04 0.18 0.01 0.36 
School-level       
SL*School 
size (𝛽𝛽32) -0.02 0.02 0.02 0.01 
  
SL*Mean 
SES (𝛽𝛽33) -0.28 0.55 -0.69* 0.35 
  
SL*Mean teacher 
education (𝛽𝛽34) -0.06 0.04 -0.01 0.03 
  
SL*Per-student 
expenditure
 (𝛽𝛽35) 
0.00 0.00 0.002* 0.001   
SL*Mean 
academic 
pressure (𝛽𝛽36) 
-0.00 1.07 0.46 0.66   
SL*Mean 
parental 
involvement
 (𝛽𝛽37) 
-0.13 1.08 -1.64* 0.67   
SL*Principal 
leadership (𝛽𝛽38) 1.04* 0.48 0.21 0.30 
  
SL*School 
autonomy (𝛽𝛽39) 0.56 0.47 0.45 0.28 
  
SL*Extra-
curricular  (𝛽𝛽40) -0.17 0.17 -0.02 0.10 
  
SL* Mean study 
load (𝛽𝛽41) -0.00 0.03 -0.01 0.02 
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Table 7A (continued) 
 In-school learning on weekdays 
Homework on 
weekdays 
After-school learning 
on weekdays 
Random effect Variance SE Variance SE Variance SE 
Intercept-Student 
(𝑒𝑒0𝑖𝑖) 
8145.11*** 64.50 8119.91*** 64.42 8143.59*** 64.58 
Intercept-Teacher 
(𝑢𝑢0,   𝑇𝑇𝑡𝑡𝑡𝑡𝑡𝑡ℎ𝑡𝑡𝑒𝑒(𝑖𝑖)
(2) ) 5497.58*** 443.37 5381.76*** 436.97 5446.57*** 444.88 
Intercept-School 
(𝑢𝑢0,   𝑆𝑆𝑡𝑡ℎ𝑜𝑜𝑜𝑜𝑜𝑜(𝑖𝑖)
(3) ) 198.50* 97.87 269.56* 109.72 248.32* 108.50 
Slope-Teacher 
(𝑢𝑢1,   𝑇𝑇𝑡𝑡𝑡𝑡𝑡𝑡ℎ𝑡𝑡𝑒𝑒(𝑖𝑖)
(2) ) 1.27
ϯ 0.69 1.51** 0.44 3.64* 1.62 
Slope-School 
(𝑢𝑢1,   𝑆𝑆𝑡𝑡ℎ𝑜𝑜𝑜𝑜𝑜𝑜(𝑖𝑖)
(3) ) 0.78* 0.34 0.15 0.09 0.55 0.38 
Percentage of explained 
 variance                                   %                                    %                                    % 
∆𝑅𝑅0,𝑖𝑖 3.00 3.00 3.00 
∆𝑅𝑅0,   𝑇𝑇𝑡𝑡𝑡𝑡𝑡𝑡ℎ𝑡𝑡𝑒𝑒(𝑖𝑖)
(2)  10.00 9.00 10.00 
∆𝑅𝑅0,   𝑆𝑆𝑡𝑡ℎ𝑜𝑜𝑜𝑜𝑜𝑜(𝑖𝑖)
(3)  80.00 75.00 76.00 
∆𝑅𝑅1,   𝑇𝑇𝑡𝑡𝑡𝑡𝑡𝑡ℎ𝑡𝑡𝑒𝑒(𝑖𝑖)
(2)  0.00 0.00 0.00 
∆𝑅𝑅1,   𝑆𝑆𝑡𝑡ℎ𝑜𝑜𝑜𝑜𝑜𝑜(𝑖𝑖)
(3)  0.00 67.00 4.00 
Model comparison                  DIC                                DIC                                 DIC 
Single-level model 483383.61 483650.15 483218.71 
Null model 481325.94 481602.76 481173.85 
Full model 391428.27 391604.19 391359.60 
Note. Because there are not statistically significant variances of slope in in-school 
learning on weekdays at the teacher level and in after-school learning on weekdays at the 
school level, there are not modeling efforts at those levels.  
ϯ p=.06, * p<.05, ** p<.01, *** p<.001. 
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Table 7B 
Results of MMMMs on the Relative Effects of Study Load on Weekends on Science 
Achievement, Variance Components, and Model Comparison 
 In-school learning on 
weekends 
Homework on 
weekends 
Fixed effect Effect SE Effect SE 
Intercept (𝛽𝛽0) 473.15*** 20.96 474.48*** 20.39 
Student-level     
Study load (SL) (𝛽𝛽1) -1.19*** 0.30 2.08 1.96 
Gender (𝛽𝛽2) -5.87*** 1.01 -7.26*** 1.01 
SES (𝛽𝛽3) 3.50*** 0.82 1.83* 0.82 
One child (𝛽𝛽4) 15.49*** 1.37 15.63*** 1.36 
Single-parent household (𝛽𝛽5) -3.95ϯ 2.02 -3.36 2.01 
Left-behind child (𝛽𝛽6) -19.75*** 3.66 -19.97*** 3.63 
Migrant child (𝛽𝛽7) 7.71*** 1.34 7.07*** 1.33 
Teacher-level     
Gender (𝛽𝛽8) -3.85 7.12 -3.97 6.90 
Professional title (𝛽𝛽9) 15.85 9.52 13.52 9.10 
Teaching experience (𝛽𝛽10) 4.66 7.58 5.22 7.40 
Education level (𝛽𝛽11) 4.23 17.75 6.96 17.07 
Homeroom teacher (𝛽𝛽12) 15.07* 7.05 12.25 6.78 
Professional growth (𝛽𝛽13) -3.62 4.73 -3.23 4.56 
Science classroom 
practice (𝛽𝛽14) -0.14 4.46 -0.13 4.31 
School-level     
School size (𝛽𝛽15) 0.02 0.44 -0.01 0.42 
Mean SES (𝛽𝛽16) 53.52*** 11.54 55.65*** 11.39 
Mean teacher 
education  (𝛽𝛽17) 0.45 0.85 0.41 0.84 
Per-student expenditure (𝛽𝛽18) -0.03 0.03 -0.03 0.03 
Mean academic 
pressure (𝛽𝛽19) -37.54 21.90 -41.13* 21.00 
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Table 7B (continued)  
 
In-school learning on 
weekends 
Homework on 
weekends 
Fixed effect Effect SE Effect SE 
Mean parental 
involvement (𝛽𝛽20) -11.18 22.53 -11.61 21.56 
Principal leadership (𝛽𝛽21) -5.65 10.47 -5.12 10.07 
School autonomy (𝛽𝛽22) -23.63* 9.91 -22.63* 9.70 
Extracurricular  (𝛽𝛽23) 3.68 3.54 3.54 3.39 
Mean study load (𝛽𝛽24) 0.84 0.65 0.46 0.63 
Cross-level interaction     
Teacher-level     
SL*Gender  (𝛽𝛽25)   0.59 0.71 
SL*Professional title (𝛽𝛽26)   0.49 0.97 
SL*Teaching 
experience (𝛽𝛽27) 
  0.82 0.75 
SL*Education level (𝛽𝛽28)   1.38 1.71 
SL*Homeroom 
teacher  (𝛽𝛽29) 
  -1.11 0.70 
SL*Professional growth   0.43 0.48 
SL*Science classroom 
practice (𝛽𝛽31) 
  0.23 0.45 
School-level     
SL*School size (𝛽𝛽32) 0.00 0.01 0.03 0.03 
SL*Mean SES (𝛽𝛽33) -0.76* 0.36 -0.05 0.89 
SL*Mean teacher education 
 (𝛽𝛽34) 0.00 0.03 -0.03 0.07 
SL*Per-student 
expenditure (𝛽𝛽35) 0.00 0.00 0.004* 0.002 
SL*Mean academic 
pressure (𝛽𝛽36) -0.58 0.67 2.02 1.67 
SL*Mean parental 
involvement (𝛽𝛽37) -1.02 0.70 -4.95** 1.71 
SL*Principal 
leadership (𝛽𝛽38) -0.33 0.30 0.77 0.77 
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Table 7B (continued) 
 In-school learning on 
weekends 
Homework on 
weekends 
Fixed effect Effect SE Effect SE 
SL*School autonomy (𝛽𝛽39) -0.72* 0.29 1.77* 0.74 
SL*Extracurricular (𝛽𝛽40) 0.02 0.10 -0.28 0.26 
SL* Mean study load (𝛽𝛽41) 0.05* 0.02 -0.10* 0.05 
Random effect Variance SE Variance SE 
Intercept-Student (𝑒𝑒0𝑖𝑖) 8119.75*** 64.50 7998.82*** 63.56 
Intercept-Teacher 
(𝑢𝑢0,   𝑇𝑇𝑡𝑡𝑡𝑡𝑡𝑡ℎ𝑡𝑡𝑒𝑒(𝑖𝑖)
(2) ) 5329.06*** 434.97 4859.42*** 405.26 
Intercept-School 
(𝑢𝑢0,   𝑆𝑆𝑡𝑡ℎ𝑜𝑜𝑜𝑜𝑜𝑜(𝑖𝑖)
(3) ) 288.53* 113.08 280.99* 113.06 
Slope-Teacher (𝑢𝑢1,   𝑇𝑇𝑡𝑡𝑡𝑡𝑡𝑡ℎ𝑡𝑡𝑒𝑒(𝑖𝑖)
(2) ) 0.72 0.45 13.21*** 3.34 
Slope-School (𝑢𝑢1,   𝑆𝑆𝑡𝑡ℎ𝑜𝑜𝑜𝑜𝑜𝑜(𝑖𝑖)
(3) ) 0.03 0.05 0.82 0.49 
Percentage of explained variance                   %                                        % 
∆𝑅𝑅0,𝑖𝑖 2.00 3.00 
∆𝑅𝑅0,   𝑇𝑇𝑡𝑡𝑡𝑡𝑡𝑡ℎ𝑡𝑡𝑒𝑒(𝑖𝑖)
(2)  11.00 8.00 
∆𝑅𝑅0,   𝑆𝑆𝑡𝑡ℎ𝑜𝑜𝑜𝑜𝑜𝑜(𝑖𝑖)
(3)  71.00 71.00 
∆𝑅𝑅1,   𝑇𝑇𝑡𝑡𝑡𝑡𝑡𝑡ℎ𝑡𝑡𝑒𝑒(𝑖𝑖)
(2)  0.00 0.00 
∆𝑅𝑅1,   𝑆𝑆𝑡𝑡ℎ𝑜𝑜𝑜𝑜𝑜𝑜(𝑖𝑖)
(3)  94.00 78.00 
Model comparison                                        DIC                                     DIC 
Single-level models 491157.10 489952.20 
Null models 481033.51 480983.07 
Full models 391258.57 391086.75 
Note. Because there is not statistically significant variance of slope in in-school learning 
on weekends at the teacher level, there is not modeling effort at that level.  
ϯ p=.06, * p<.05, ** p<.01, *** p<.001. 
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Table 7C 
Results of MMMMs on the Relative Effects of Study Load on Weekends and Total Study 
Load on Science Achievement, Variance Components, and Model Comparison 
 After-school learning 
on weekends 
Total study load on 
weekdays and weekends 
Fixed effect Effect SE Effect SE 
Intercept (𝛽𝛽0) 473.09*** 20.94 472.64*** 21.11 
Student-level     
Study load (SL) (𝛽𝛽1) 2.34 1.77 -0.06 0.40 
Gender (𝛽𝛽2) -6.18*** 1.01 -5.78*** 1.01 
SES (𝛽𝛽3) 2.41** 0.83 3.28*** 0.83 
One child (𝛽𝛽4) 15.44*** 1.37 15.94*** 1.37 
Single-parent household (𝛽𝛽5) -3.12 2.02 -3.74 2.03 
Left-behind child (𝛽𝛽6) -19.58*** 3.65 -20.22*** 3.66 
Migrant child (𝛽𝛽7) 8.59*** 1.34 7.66*** 1.34 
Teacher-level     
Gender (𝛽𝛽8) -3.47 7.11 -4.15 7.18 
Professional title (𝛽𝛽9) 15.01 9.36 15.92 9.48 
Teaching experience (𝛽𝛽10) 4.85 7.62 4.26 7.66 
Education level (𝛽𝛽11) 4.04 17.61 6.25 17.79 
Homeroom teacher (𝛽𝛽12) 13.62ϯ 7.00 14.14* 7.06 
Professional growth (𝛽𝛽13) -3.81 4.71 -3.67 4.74 
Science classroom practice (𝛽𝛽14) -0.02 4.45 -0.02 4.48 
School-level     
School size (𝛽𝛽15) 0.00 0.43 0.00 0.43 
Mean SES (𝛽𝛽16) 57.09*** 11.54 56.96*** 11.54 
Mean teacher education (𝛽𝛽17) 0.51 0.86 0.43 0.86 
Per-student expenditure (𝛽𝛽18) -0.03 0.03 -0.03 0.03 
Mean academic pressure (𝛽𝛽19) -39.18 21.28 -37.99 21.37 
Mean parental involvement (𝛽𝛽20) -14.05 21.88 -13.26 21.90 
Principal leadership (𝛽𝛽21) -3.74 10.25 -3.78 10.29 
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Table 7C (continued) 
 After-school learning 
on weekends 
Total study load on 
weekdays and weekends 
Fixed effect Effect SE Effect SE 
School autonomy (𝛽𝛽22) -22.50* 9.84 -22.76* 9.86 
Extracurricular  (𝛽𝛽23) 4.10 3.43 3.87 3.43 
Mean study load (𝛽𝛽24) 0.65 0.64 0.80 0.64 
Cross-level interaction     
Teacher-level     
SL*Gender  (𝛽𝛽25) 2.01** 0.62 0.10 0.14 
SL*Professional title (𝛽𝛽26) 1.18 0.83 0.05 0.20 
SL*Teaching experience (𝛽𝛽27) -0.75 0.66 0.13 0.15 
SL*Education level (𝛽𝛽28) -2.12 1.49 -0.04 0.34 
SL*Homeroom teacher  (𝛽𝛽29) -0.42 0.61 -0.15 0.14 
SL*Professional growth -0.08 0.43 0.14 0.10 
SL*Science classroom 
practice (𝛽𝛽31) 0.45 0.41 0.01 0.09 
School-level     
SL*School size (𝛽𝛽32) -0.03 0.03 -0.00 0.01 
SL*Mean SES (𝛽𝛽33) 0.18 0.89 -0.29 0.18 
SL*Mean teacher education 
 (𝛽𝛽34) 0.05 0.07 -0.00 0.01 
SL*Per-student expenditure (𝛽𝛽35) 0.00 0.00 0.00 0.00 
SL*Mean academic 
pressure (𝛽𝛽36) 3.65* 1.61 0.25 0.34 
SL*Mean parental 
involvement (𝛽𝛽37) -1.81 1.70 -0.89** 0.34 
SL*Principal leadership (𝛽𝛽38) 1.22 0.75 0.18 0.16 
SL*School autonomy (𝛽𝛽39) 2.02** 0.72 0.24 0.15 
SL*Extracurricular (𝛽𝛽40) 0.03 0.25 -0.03 0.05 
SL* Mean study load (𝛽𝛽41) -0.09 0.05 -0.00 0.01 
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Table 7C (continued) 
 After-school learning 
on weekends 
Total study load on 
weekdays and weekends 
Random effect Variance SE Variance SE 
Intercept-Student (𝑒𝑒0𝑖𝑖) 8098.31*** 64.14 8101.85*** 64.37 
Intercept-Teacher (𝑢𝑢0,   𝑇𝑇𝑡𝑡𝑡𝑡𝑡𝑡ℎ𝑡𝑡𝑒𝑒(𝑖𝑖)
(2) ) 5279.39*** 433.29 5402.20*** 439.09 
Intercept-School (𝑢𝑢0,   𝑆𝑆𝑡𝑡ℎ𝑜𝑜𝑜𝑜𝑜𝑜(𝑖𝑖)
(3) ) 258.74* 110.47 249.41* 106.57 
Slope-Teacher (𝑢𝑢1,   𝑇𝑇𝑡𝑡𝑡𝑡𝑡𝑡ℎ𝑡𝑡𝑒𝑒(𝑖𝑖)
(2) ) 6.16** 1.96 0.54*** 0.14 
Slope-School (𝑢𝑢1,   𝑆𝑆𝑡𝑡ℎ𝑜𝑜𝑜𝑜𝑜𝑜(𝑖𝑖)
(3) ) 1.56* 0.73 0.04 0.02 
Percentage of explained variance                          %                                       % 
∆𝑅𝑅0,𝑖𝑖 2.00 3.00 
∆𝑅𝑅0,   𝑇𝑇𝑡𝑡𝑡𝑡𝑡𝑡ℎ𝑡𝑡𝑒𝑒(𝑖𝑖)
(2)  
8.00 9.00 
∆𝑅𝑅0,   𝑆𝑆𝑡𝑡ℎ𝑜𝑜𝑜𝑜𝑜𝑜(𝑖𝑖)
(3)  
74.00 76.00 
∆𝑅𝑅1,   𝑇𝑇𝑡𝑡𝑡𝑡𝑡𝑡ℎ𝑡𝑡𝑒𝑒(𝑖𝑖)
(2)  
13.00 0.00 
∆𝑅𝑅1,   𝑆𝑆𝑡𝑡ℎ𝑜𝑜𝑜𝑜𝑜𝑜(𝑖𝑖)
(3)  
34.00 73.00 
Model comparison                                               DIC                                     DIC 
Single-level models 490439.23 491779.67 
Null models 480889.84 481542.63 
Full models 391170.43 391556.11 
ϯ p=.06, * p<.05, ** p<.01, *** p<.001.  
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Special Results to Enhance Research Questions 
After full MMMMs were estimated, we adopted those models to enhance research 
questions regarding predicting the effects of study load on science achievement for a 
nationally typical student and identifying optimal conditions concerning the effects of 
study load on science achievement. See Appendix E for all equations. Here, we illustrated 
the equation of the full MMMM for total study load both on weekdays and weekends. It 
can be expressed as:  
y�𝑖𝑖= 472.64 – 0.06∗ (𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖 −5.78 ∗ (𝑔𝑔𝑒𝑒𝑔𝑔𝑔𝑔𝑒𝑒𝑒𝑒)𝑖𝑖 + 3.28 ∗ (𝑆𝑆𝑆𝑆𝑆𝑆)𝑖𝑖 + 15.94 ∗
(𝑜𝑜𝑔𝑔𝑒𝑒 𝑡𝑡ℎ𝑖𝑖𝑖𝑖𝑔𝑔)𝑖𝑖 – 3.74*(𝑠𝑠𝑖𝑖𝑔𝑔𝑔𝑔𝑖𝑖𝑒𝑒 − 𝑝𝑝𝑡𝑡𝑒𝑒𝑒𝑒𝑔𝑔𝑡𝑡 ℎ𝑜𝑜𝑢𝑢𝑠𝑠𝑒𝑒ℎ𝑜𝑜𝑖𝑖𝑔𝑔)𝑖𝑖 – 20.22*(𝑖𝑖𝑒𝑒𝑙𝑙𝑡𝑡𝑙𝑙𝑒𝑒ℎ𝑖𝑖𝑔𝑔𝑔𝑔 𝑡𝑡ℎ𝑖𝑖𝑖𝑖𝑔𝑔)𝑖𝑖 + 
7.66 ∗ (𝑚𝑚𝑖𝑖𝑔𝑔𝑒𝑒𝑡𝑡𝑔𝑔𝑡𝑡 𝑡𝑡ℎ𝑖𝑖𝑖𝑖𝑔𝑔)𝑖𝑖 – 4.15*(𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡ℎ𝑒𝑒𝑒𝑒 𝑔𝑔𝑒𝑒𝑔𝑔𝑔𝑔𝑒𝑒𝑒𝑒)������������������������𝑖𝑖 + 6.25 ∗ (𝑒𝑒𝑔𝑔𝑢𝑢𝑡𝑡𝑡𝑡𝑡𝑡𝑒𝑒𝑜𝑜𝑔𝑔 𝑖𝑖𝑒𝑒𝑙𝑙𝑒𝑒𝑖𝑖)�����������������������𝑖𝑖 + 
15.92 ∗ (𝑝𝑝𝑒𝑒𝑜𝑜𝑙𝑙𝑒𝑒𝑠𝑠𝑠𝑠𝑒𝑒𝑜𝑜𝑔𝑔𝑡𝑡𝑖𝑖 𝑡𝑡𝑒𝑒𝑡𝑡𝑖𝑖𝑒𝑒)���������������������������𝑖𝑖 + 4.26 ∗ (𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡ℎ𝑒𝑒𝑔𝑔𝑔𝑔 𝑒𝑒𝑒𝑒𝑝𝑝𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑔𝑔𝑡𝑡𝑒𝑒)������������������������������𝑖𝑖 + 14.14 ∗
(ℎ𝑜𝑜𝑚𝑚𝑒𝑒𝑒𝑒𝑜𝑜𝑜𝑜𝑚𝑚 𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡ℎ𝑒𝑒𝑒𝑒)����������������������������𝑖𝑖 – 3.67*(𝑝𝑝𝑒𝑒𝑜𝑜𝑙𝑙𝑒𝑒𝑠𝑠𝑠𝑠𝑒𝑒𝑜𝑜𝑔𝑔𝑡𝑡𝑖𝑖 𝑔𝑔𝑒𝑒𝑜𝑜𝑤𝑤𝑡𝑡ℎ)�������������������������������𝑖𝑖  – 
0.02*(𝑠𝑠𝑡𝑡𝑒𝑒𝑒𝑒𝑔𝑔𝑡𝑡𝑒𝑒 𝑡𝑡𝑖𝑖𝑡𝑡𝑠𝑠𝑠𝑠𝑒𝑒𝑜𝑜𝑜𝑜𝑚𝑚 𝑝𝑝𝑒𝑒𝑡𝑡𝑡𝑡𝑡𝑡𝑒𝑒𝑡𝑡𝑒𝑒)���������������������������������������𝑖𝑖 + 0.00 ∗ (𝑠𝑠𝑡𝑡ℎ𝑜𝑜𝑜𝑜𝑖𝑖 𝑠𝑠𝑖𝑖𝑠𝑠𝑒𝑒)𝑖𝑖 + 56.96 ∗ (𝑚𝑚𝑒𝑒𝑡𝑡𝑔𝑔 𝑆𝑆𝑆𝑆𝑆𝑆)𝑖𝑖 
+ 0.43 ∗ (𝑚𝑚𝑒𝑒𝑡𝑡𝑔𝑔 𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡ℎ𝑒𝑒𝑒𝑒 𝑒𝑒𝑔𝑔𝑢𝑢𝑡𝑡𝑡𝑡𝑡𝑡𝑖𝑖𝑜𝑜𝑔𝑔)𝑖𝑖 – 0.03*(𝑝𝑝𝑒𝑒𝑒𝑒 − 𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑒𝑒𝑔𝑔𝑡𝑡 𝑒𝑒𝑒𝑒𝑝𝑝𝑒𝑒𝑔𝑔𝑔𝑔𝑖𝑖𝑡𝑡𝑢𝑢𝑒𝑒𝑒𝑒)𝑖𝑖 – 
37.99*(𝑚𝑚𝑒𝑒𝑡𝑡𝑔𝑔 𝑡𝑡𝑡𝑡𝑡𝑡𝑔𝑔𝑒𝑒𝑚𝑚𝑖𝑖𝑡𝑡 𝑝𝑝𝑒𝑒𝑒𝑒𝑠𝑠𝑠𝑠𝑢𝑢𝑒𝑒𝑒𝑒)𝑖𝑖 – 13.26*(𝑚𝑚𝑒𝑒𝑡𝑡𝑔𝑔 𝑝𝑝𝑡𝑡𝑒𝑒𝑒𝑒𝑔𝑔𝑡𝑡𝑡𝑡𝑖𝑖 𝑖𝑖𝑔𝑔𝑙𝑙𝑜𝑜𝑖𝑖𝑙𝑙𝑒𝑒𝑚𝑚𝑒𝑒𝑔𝑔𝑡𝑡)𝑖𝑖 – 
3.78*(𝑝𝑝𝑒𝑒𝑖𝑖𝑔𝑔𝑡𝑡𝑖𝑖𝑝𝑝𝑡𝑡𝑖𝑖 𝑖𝑖𝑒𝑒𝑡𝑡𝑔𝑔𝑒𝑒𝑒𝑒𝑠𝑠ℎ𝑖𝑖𝑝𝑝)𝑖𝑖 – 22.76*(𝑠𝑠𝑡𝑡ℎ𝑜𝑜𝑜𝑜𝑖𝑖 𝑡𝑡𝑢𝑢𝑡𝑡𝑜𝑜𝑔𝑔𝑜𝑜𝑚𝑚𝑦𝑦)𝑖𝑖 + 3.87 ∗
(𝑒𝑒𝑒𝑒𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡𝑢𝑢𝑒𝑒𝑒𝑒𝑖𝑖𝑡𝑡𝑢𝑢𝑖𝑖𝑡𝑡𝑒𝑒 𝑡𝑡𝑡𝑡𝑡𝑡𝑖𝑖𝑙𝑙𝑖𝑖𝑡𝑡𝑖𝑖𝑒𝑒𝑠𝑠)𝑖𝑖  + 0.80 ∗ (𝑚𝑚𝑒𝑒𝑡𝑡𝑔𝑔 𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖    + 0.10 ∗
(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡ℎ𝑒𝑒𝑒𝑒 𝑔𝑔𝑒𝑒𝑔𝑔𝑔𝑔𝑒𝑒𝑒𝑒)������������������������𝑖𝑖 – 0.04* (𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑒𝑒𝑔𝑔𝑢𝑢𝑡𝑡𝑡𝑡𝑡𝑡𝑒𝑒𝑜𝑜𝑔𝑔 𝑖𝑖𝑒𝑒𝑙𝑙𝑒𝑒𝑖𝑖)�����������������������𝑖𝑖 + 0.05* 
(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑝𝑝𝑒𝑒𝑜𝑜𝑙𝑙𝑒𝑒𝑠𝑠𝑠𝑠𝑒𝑒𝑜𝑜𝑔𝑔𝑡𝑡𝑖𝑖 𝑡𝑡𝑒𝑒𝑡𝑡𝑖𝑖𝑒𝑒)���������������������������𝑖𝑖 + 0.13 ∗ (𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡ℎ𝑒𝑒𝑔𝑔𝑔𝑔 𝑒𝑒𝑒𝑒𝑝𝑝𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑔𝑔𝑡𝑡𝑒𝑒)������������������������������𝑖𝑖 
– 0.42*(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(ℎ𝑜𝑜𝑚𝑚𝑒𝑒𝑒𝑒𝑜𝑜𝑜𝑜𝑚𝑚 𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡ℎ𝑒𝑒𝑒𝑒)����������������������������𝑖𝑖 + 0.14 ∗
(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑝𝑝𝑒𝑒𝑜𝑜𝑙𝑙𝑒𝑒𝑠𝑠𝑠𝑠𝑒𝑒𝑜𝑜𝑔𝑔𝑡𝑡𝑖𝑖 𝑔𝑔𝑒𝑒𝑜𝑜𝑤𝑤𝑡𝑡ℎ)�������������������������������𝑖𝑖  – 
0.01*(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑠𝑠𝑡𝑡𝑒𝑒𝑒𝑒𝑔𝑔𝑡𝑡𝑒𝑒 𝑡𝑡𝑖𝑖𝑡𝑡𝑠𝑠𝑠𝑠𝑒𝑒𝑜𝑜𝑜𝑜𝑚𝑚 𝑝𝑝𝑒𝑒𝑡𝑡𝑡𝑡𝑡𝑡𝑒𝑒𝑡𝑡𝑒𝑒)���������������������������������������𝑖𝑖 + 
0.00*(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑠𝑠𝑡𝑡ℎ𝑜𝑜𝑜𝑜𝑖𝑖 𝑠𝑠𝑖𝑖𝑠𝑠𝑒𝑒)𝑖𝑖 – 0.29*(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑚𝑚𝑒𝑒𝑡𝑡𝑔𝑔 𝑆𝑆𝑆𝑆𝑆𝑆)𝑖𝑖 + 
101 
 
0.00*(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑚𝑚𝑒𝑒𝑡𝑡𝑔𝑔 𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡ℎ𝑒𝑒𝑒𝑒 𝑒𝑒𝑔𝑔𝑢𝑢𝑡𝑡𝑡𝑡𝑡𝑡𝑖𝑖𝑜𝑜𝑔𝑔)𝑖𝑖 + 0.00 ∗ (𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑝𝑝𝑒𝑒𝑒𝑒 −
𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑒𝑒𝑔𝑔𝑡𝑡 𝑒𝑒𝑒𝑒𝑝𝑝𝑒𝑒𝑔𝑔𝑔𝑔𝑖𝑖𝑡𝑡𝑢𝑢𝑒𝑒𝑒𝑒)𝑖𝑖 + 0.25 ∗ (𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑚𝑚𝑒𝑒𝑡𝑡𝑔𝑔 𝑡𝑡𝑡𝑡𝑡𝑡𝑔𝑔𝑒𝑒𝑚𝑚𝑖𝑖𝑡𝑡 𝑝𝑝𝑒𝑒𝑒𝑒𝑠𝑠𝑠𝑠𝑢𝑢𝑒𝑒𝑒𝑒)𝑖𝑖 – 
0.89*(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑚𝑚𝑒𝑒𝑡𝑡𝑔𝑔 𝑝𝑝𝑡𝑡𝑒𝑒𝑒𝑒𝑔𝑔𝑡𝑡𝑡𝑡𝑖𝑖 𝑖𝑖𝑔𝑔𝑙𝑙𝑜𝑜𝑖𝑖𝑙𝑙𝑒𝑒𝑚𝑚𝑒𝑒𝑔𝑔𝑡𝑡)𝑖𝑖 + 0.18 ∗
(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑝𝑝𝑒𝑒𝑖𝑖𝑔𝑔𝑡𝑡𝑖𝑖𝑝𝑝𝑡𝑡𝑖𝑖 𝑖𝑖𝑒𝑒𝑡𝑡𝑔𝑔𝑒𝑒𝑒𝑒𝑠𝑠ℎ𝑖𝑖𝑝𝑝)𝑖𝑖 + 0.24 ∗ (𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑠𝑠𝑡𝑡ℎ𝑜𝑜𝑜𝑜𝑖𝑖 𝑡𝑡𝑢𝑢𝑡𝑡𝑜𝑜𝑔𝑔𝑜𝑜𝑚𝑚𝑦𝑦)𝑖𝑖 – 
0.03*(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑒𝑒𝑒𝑒𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡𝑢𝑢𝑒𝑒𝑒𝑒𝑖𝑖𝑡𝑡𝑢𝑢𝑖𝑖𝑡𝑡𝑒𝑒 𝑡𝑡𝑡𝑡𝑡𝑡𝑖𝑖𝑙𝑙𝑖𝑖𝑡𝑡𝑖𝑖𝑒𝑒𝑠𝑠)𝑖𝑖 + 0.00 ∗
(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑚𝑚𝑒𝑒𝑡𝑡𝑔𝑔 𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖 
Effects of Study Load on Science Achievement for A Typical Student 
A typical student is defined as an average member of the population who possesses 
the most common individual characteristics. The typical student can be estimated by 
centering the continuous independent variables and using the reference categories of 
dummy variables (i.e., groups with code = 0). When regression models were estimated, the 
intercepts were the measures of performance in science of the typical student. In the present 
study, the typical student is used to provide a nationally representative measure regarding 
effects on science achievement. 
A nationally typical student, who totally committed 62 hours to academic activities 
(in-school, homework, and after-school learning) on both weekdays and weekends, gained 
science achievement of 472.64. Among the effects of six components of study load on 
science achievement, the typical student who spent three and a half hours doing homework 
per day on weekends achieved a relatively higher science score of 474.48, while the typical 
student who committed a half-hour of after-school learning each day on weekdays got a 
relatively lower science score of 470.27. 
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Optimal Conditions Concerning the Effects of Study Load on Science 
This present study aims to address a core research question of “Can less be more?” 
concerning study load. This idea reflects the philosophy of pursuing efficiency and 
effectiveness on learning, namely that a lighter study load may result in more success in 
academic achievement. In addressing this core research question, an effort will be made to 
identify optimal conditions concerning the effects of study load on science achievement. 
In full MMMMs, based on directions (negative vs. positive) of coefficients of six 
components of study load and the total study load, optimal conditions were sought that 
effectively reflect the idea of “less is more” when characterizing the relationship between 
study load and science achievement. Specifically, for those continuous independent 
variables centered by mean, to calculate optimal conditions, each variable in MMMMs 
with a positive sign was given the maximum value indicting the largest distance from the 
mean, while each variable in MMMMs with a negative sign was assigned the minimum 
value representing the shortest distance from the mean. For those categorical independent 
variables, to calculate optimal conditions, each variable in MMMMs with a positive sign 
was given the maximum value, while each variable in MMMMs with a negative sign was 
assigned the minimum value. The calculation took information from descriptive statistics 
of student, teacher, and school characteristics. 
The effect of the total study load on science achievement in the optimal condition 
was to achieve the highest score of 759.80. According to six components of study load, 
specifically, in terms of in-school learning on weekdays, the optimal condition helped 
students achieve the highest science score of 624.79. The effect of weekday homework on 
science achievement best improved students to achieve the highest score of 701.89; The 
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optimal condition concerning the effect of after-school learning on weekdays on science 
was to achieve the score of 645.23. Concerning the effect of weekend, in-school learning 
on science, the optimal condition supported students to achieve the score of 599.00. 
Homework and after-school on weekends in the best situations promoted students to 
achieve the highest scores of 686.20 and 686.27, respectively. Accordingly, compared to 
the conditional average (or grand mean) of science achievement in each of full MMMMs, 
the average science score was greatly improved based on the optimal conditions. For 
instance, the discrepancy between grand mean and the highest science score in the optimal 
condition existed in the effect of total study load on science achievement, which was 287 
points. In other words, if the student took advantage of all optimal conditions of student, 
teacher, and school characteristics, he or she would score higher 287 points in science, 
compared to a nationally typical student. 
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CHAPTER 5.  DISCUSSION 
The present study took advantage of the opportunity to adopt three-level (student, 
teacher, and school) multiple membership multilevel models to address the core research 
question of “Can less be more?” concerning study load, which has become increasingly 
worrisome and controversial around the world. The results from the present study not only 
provide answers to the research questions but also inspired implications for policies and 
practices in education as well as directions of future research.   
Summary of Principal Findings 
Question #1: What are the structure characteristics of study load among Chinese 
eighth-grade students? 
Among Chinese eighth graders, on average a daily study load was nine hours on 
weekdays (six hours in-school learning, two to three hours doing homework, and a half 
hour of after-school learning) and eight hours on weekends (three hours learning in school, 
three to four hours doing homework, and one and half an hour learning after school). In 
total, they spend 62 hours learning academically in one typical week, which was 55% of 
students’ weekly available time. In the extreme cases (less than one percent), students who 
had the heaviest study load, committed 21 hours to academic activities per day, including 
eight hours in-school learning, eight hours completing homework, and five hours learning 
after school.  
Question #2: Is there any individual difference in study load among Chinese 
eighth-grade students? 
Overall, students with higher SES, students who came from both-parent families, 
and native students who were not migrant children had a heavier total study load. 
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Specifically, both on weekdays and weekends, boys tended to commit more time to in-
school learning, while girls were more likely to spend more hours doing homework. 
Students with higher SES had a heavier study load, which was consistent across multiple 
components of study load (except in-school learning on weekends). Students who were 
only children and students who came from both-parent families spent more hours doing 
homework and attending a shadow education system or private tutoring on weekends. On 
weekends, native students committed more time to in-school and after-school learning, 
while migrant students spent more hours doing homework. On weekdays, left-behind 
children committed less time to taking courses but more time to after-school learning. 
Question #3: What are the characteristics of teachers and schools under which 
Chinese eighth-grade students tend to have a heavier study load? 
For teacher characteristics, homeroom teacher, science classroom practice, gender, 
and teaching experience were significantly associated with students’ study load. 
Specifically, students whose science teachers acted as homeroom teachers had a heavier 
total study load. Students whose science teachers acted as homeroom teachers also spent 
more hours doing homework on both weekdays and weekends. Meanwhile, on weekdays, 
students whose science teachers more often applied inquiry-based approaches to science 
classes tended to commit more time to in-school learning but less time to after-school 
learning; on weekends, students taught by science teachers who had been teaching more 
than 10 years had heavier after-school learning loads. In addition, students whose science 
teachers were male committed more time to in-school learning (e.g., taking courses) on 
regular school days. 
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For school contextual characteristics, students who were in schools with higher 
mean SES significantly spent more hours doing homework and after-school learning on 
weekends; for school climatic characteristics, mean academic pressure and parental 
involvement demonstrated significantly substantial and positive effects on the total study 
load and multiple components of study load. Students in schools with less principal 
demographic leadership also reported heavier in-school learning loads on weekdays. 
Similarly, students in schools with higher school autonomy committed more time to in-
school learning on weekdays and after-school learning on weekends. 
Question #4: What are the effects of study load on science achievement without and 
with adjustment for student, teacher, and school characteristics of Chinese eighth-grade 
students? 
Without adjusting for any student, teacher, and school characteristics, five 
components of study load represented significant absolute effects on science achievement. 
Specifically, on weekdays, in-school and after-school learning had negative effects; on 
weekends, different components demonstrated differential patterns: in-school learning was 
negatively associated with science, while homework and after-school learning had positive 
associations.  
However, after we adjusted for student, teacher, and school characteristics, 
significant effects of five components of study load on science achievement disappeared, 
except in-school learning on weekends. In other words, only one component of study load, 
in-school learning on weekends, maintained a significant and negative effect (relative) on 
science achievement when holding all other predictor variables constant. 
Question #5: What characteristics of teachers and schools can moderate the 
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relationship between study load and science achievement among Chinese eighth-grade 
students? 
At the teacher level, only teacher gender affected the relationship between study 
load and science achievement, namely the positive effect of after-school learning on 
science scores was stronger among those students who were taught by one female science 
teacher or multiple female science teachers.  
At the school level, mean SES, mean academic pressure, mean parental 
involvement, principal leadership, and school autonomy were significant moderators 
between the relationship of study load and science achievement. The negative associations 
between science achievement and homework on weekdays, as well as between 
performance and in-school learning on weekends became stronger among those students 
who enrolled in schools with higher mean SES. Similarly, the negative relationships 
between study load (e.g., total, homework on weekdays and weekends) and achievement 
got stronger for students who were from schools with higher mean parental involvement. 
However, for students who attended schools with higher mean academic pressure and 
school autonomy, the positive effects of after-school learning during weekends on science 
became stronger. Also, students who attended schools where principals demonstrated more 
democratic leadership got more credits from in-school learning on weekdays.  
Revisit Study Load 
In the present study, Chinese eighth graders on average committed 62 hours to 
academic activities on both weekdays and weekends as a total study load, which was about 
55% of students’ available time excluding sleeping time of eight hours. The finding is 
consistent with the PISA report in which 57.1 hours was the total study load per week (on 
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weekdays) among Chinese 15-year-old students who were from Beijing, Shanghai, 
Jiangsu, and Guangdong (OECD, 2016). Chinese eighth-grade students committing about 
six hours (or equal to eight classes of 45 minutes per class) to daily in-school learning on 
weekdays was evident by several studies (Chen, Chen, Dong, Sun, & Lin, 2011; OECD, 
2016; Qian, Jing, & Wang, 2016; Wu, 2009). Thirty hours of weekly in-school learning 
time revealed in the present study was three hours higher than the OECD average, which 
was 27 hours. Meanwhile, in the present study, students spending two to three hours per 
day doing homework assigned by teachers in school or other adults was longer than other 
studies concerning study load among Chinese middle-school students (Chen, et al., 2011; 
Song & Yang, 2014; Sun, 2015). Additionally, the average homework hours (about three 
hours) also was twice longer than the official maximum homework time (one and half an 
hour) for middle-school students demanded in the policies, which have been implemented 
by Chinese educational administration (e.g., China’s Ministry of Education, 2006, 2019; 
Henan Provincial Education Department, 2009).  
OECD (2016) reported that, from a global perspective, among 15-year-old students, 
the average after-school learning load on weekdays of 17 hours per week, including 
homework, additional instruction, and private study, was slightly longer than 15 hours 
found in the present study, which included 12.9 homework hours plus 2.4 after-school 
learning hours. The difference between the present study and the PISA report (OECD, 
2016) might result from the discrepancy of definitions and measures, such as defining 
private study.  
Moreover, few studies have described in-school and after-school learning as well 
as homework hours on weekends. In other words, so far few researchers have investigated 
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characteristics of study load on weekends. However, in terms of the Chinese context, 
depicting a comprehensive picture of students’ study load by including on-weekend study 
load is important. The present study made a significant contribution to describe students’ 
time commitment to academic activities on weekends. The findings showed that Chinese 
eighth-grade students on average committed three hours to in-school learning, three to four 
hours to homework, and one and half an hour to attending a shadow education system or 
private tutoring either on Saturday or Sunday.  
Individual Difference in Study Load 
The present study revealed gender gaps in study load on both weekdays and 
weekends. Boys committed more time to in-school learning (e.g., taking courses), while 
girls spent more hours doing homework. This pattern of gender difference was also 
reported in numbers of studies (Freeman, 2004; Holmes et al., 2011; Hong & Milgram, 
1999). Researchers connected a lower rate of taking courses at school by girls, especially 
science courses, to lower self-efficacy in science and higher science anxiety (Nissen & 
Shemwell, 2016; Udo et al., 2004). On the other hand, researchers claimed that girls make 
a greater commitment to homework than boys do (Harris et al., 1993; Gershenson & Holt, 
2015). Students with higher SES committed more time to academic activities than students 
with lower SES (except in-school learning on weekends). Surveying time spent in regular 
school lessons, OECD (2011) reported, “Economically advantaged students spend more 
time than disadvantaged students” (p. 13). Cooper (1989) proposed family characteristics 
(e.g., education levels of parents) on homework as home-community factors that influence 
homework completion and its effectiveness. Xu (2011) also found socioeconomic 
backgrounds (e.g., aggregated parental education at the class level) had a positive effect on 
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completing homework. Similarly, researchers confirmed that students with higher SES 
tended to commit more time to after-school learning (Lin et al., 2015; Zhou & Wang, 
2015). In addition, students who were from single-parent families spent less time doing 
homework and after-school learning on weekends as well as had a lighter total study load. 
Typically, students who were taken care of by single parents were more likely to be 
economically disadvantaged. In consequent, they spent less time attending a shadow 
education system or private tutoring. Fewer homework hours might be caused by lower 
parental involvement in monitoring homework completion (Quart, 2016). 
Current “hot” social issues in China did have substantial implications for study load 
among Chinese eighth-grade students. The one-child policy produced significant 
differences in study load (e.g., homework and after-school learning on weekends) between 
students who were only children and students who had a sibling or multiple siblings (Sun, 
2015). Native students committed more time to attending a shadow education system or 
private tutoring on weekdays and weekends. They also had a heavier total study load and 
in-school learning on weekends. Conversely, migrant students spent more hours doing 
homework on weekends. Some researchers argued that migrant children attending migrant 
schools had lower academic engagement (Chen et al., 2013). However, the finding in the 
present study that migrant students significantly outperformed native students in science 
may be provocative to that study. We suspected that migrant students spending more time 
doing homework on weekends could be a sign of their motivation in learning. Researchers 
also claimed that homework motivation and interest were associated with homework 
efforts and efficiency (Trautwein et al., 2019; Yang et al., 2016). Therefore, future research 
including students’ affective factors (e.g., motivation to do homework) is needed, which 
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would produce meaningful understanding of relationships between homework hours on 
weekends and science achievement among migrant students. Moreover, left-behind 
children committed less time to in-school learning but more time to after-school learning 
on weekdays. Insufficient parental companionship and support have caused those children 
serious educational problems (e.g., school absence). These findings in the present study 
encourage us to pay more attention to those underrepresented populations.  
Effects of Teacher Characteristics on Study Load 
The present study had an opportunity to discover characteristics of multiple science 
teachers under which students tended to have a heavier study load. We found that students 
whose science teachers simultaneously acted as homeroom teachers had a heavier total 
study load as well as spent more hours doing homework both on weekdays and weekends. 
Homeroom teachers play significant roles in Chinese education systems and often act as a 
substitute “parent” at school, fulfilling the roles of counselor, administrator, and 
disciplinarian. In China, after being assigned to a class, students often stay in the same 
class until they graduate. A subject teacher acting as the homeroom teacher for that class 
will not only teach students about the subject in which he or she has expertise but also 
guide students as mentors by offering academic and life advice. Accordingly, the subject 
teacher who also acts as a homeroom teacher is more likely to stay longer with students in 
that class. We suspect there are two possible reasons for why students whose science 
teachers acted as homeroom teachers tended to spend more time doing homework as well 
as have a heavier total study load. One is that homeroom teachers have more opportunities 
to practice classroom follow-up, which is one critical teacher-related factor for homework 
completion (Cooper, 1989). The other is that homeroom teachers are more likely to set up 
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higher expectations for students in their classes when they act as substitute “parents” at 
school (Li et al., 2010). These expectations may produce heavier study loads among those 
students, compared to their counterparts.  
Science classroom practice was another significant teacher characteristic that 
influenced students’ learning loads on weekdays. Students whose science teachers more 
often applied inquiry-based approaches to science classes committed more time to in-
school learning but less time to after-school learning on weekdays. At the dawn of the 21st 
century, China started a systemic and quality-oriented “New Curriculum Reform,” which 
has continuously and significantly influenced modern Chinese education (Wang, 2012). In 
this reform, inquiry-based instruction has been one of the remarkable features in new 
science curricula (China’s Ministry of Education, 2001). In terms of Chinese new science 
curricula, science teachers were strongly recommended to adopt inquiry-based instruction 
in their classes. Differing from lecture-oriented teaching strategies, inquiry-based 
approaches allow students to face challenges or problems in science, to raise hypotheses, 
to test them by designing fair experiments, to evaluate evidence with critical thinking, and 
to make conclusions based on the evidence they collect. Involving these processes, students 
need to commit more time to wrestle with science questions or problems and figure out 
better answers or solutions. Therefore, on weekdays, students’ in-school learning increases 
and, accordingly, after-school learning decreases.    
Moreover, teacher gender mattered in in-school learning loads on weekdays. 
Students whose science teachers were male committed more time to taking courses on 
regular school days. Students taught by science teachers who had been teaching more than 
10 years tended to have a heavier study load of after-school learning on weekends. 
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Similarly, Cheng (2011) reported that students taught by older teachers who had more 
teaching experience spent more time doing homework that required rote memorization. 
The reason could be related to lower motivation in career-related learning and 
improvement for those more-experienced teachers, which they see as less important than 
early-career teachers (Louws, Meirink, van Veen, & van Driel, 2017).  
Effects of School Characteristics on Study Load 
For school contextual factors, mean SES and per-student expenditure were sought 
to be salient variables influencing students’ study load. Per-student expenditure had a very 
small effect size, while mean SES had substantial effects across multiple components of 
study load, especially on homework and after-school learning on weekends. Socio-
economically disadvantaged schools offer fewer learning opportunities for students after 
school. “The range of learning opportunities beyond regular classes is much narrower in 
disadvantaged schools, as these schools tend to offer fewer extracurricular activities, such 
as science competitions and clubs, sports, and music and arts activities” (OECD, 2018, p. 
14). In contrast, students who enrolled in the school with higher SES were more likely to 
come from wealthier families who could afford after-school learning with private tutors or 
enrolling their children in a shadow education system (Lin et al., 2015; Zhou & Wang, 
2015). Meanwhile, more importantly, several factors featuring school climate also showed 
sizeable effects on students’ study load. Students who attended schools with higher mean 
academic pressure and in which their parents were more involved in monitoring homework 
or supporting after-school learning tended to have heavier study loads on both weekdays 
and weekends. Chen et al. (1996) reported that, compared to American and Japanese 
parents, Chinese parents spent twice as much time helping their children with school work. 
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Yang et al. (2016) also found that family perfectionism explained the variance in 
psychological outcome (perceived academic performance level) over personal 
perfectionism. Tan & Yates (2011) argued that expectation from parents to academic 
excellence was a possible source of intense stress for many students in some Asian 
countries that highly value Confucian heritage culture, such as China. Therefore, those 
students in schools with higher mean academic pressure and parental involvement might 
work harder and commit more time to academic activities on both weekdays and weekends. 
Additionally, principal leadership and school autonomy also influenced students’ in-school 
learning loads on weekdays. Students who attended schools where principals’ behaviors 
more often demonstrated democratic government, support for teaching, and support for 
professional development significantly had lighter in-school learning loads on weekdays. 
It is quite common to understand this relationship as more democratic principal behaviors 
within the school, more effectiveness of leadership, and lighter students’ in-school learning 
loads. Dumay, Boonen, and Damme (2013) suggested that principal leadership effects are 
better understood as mediated effects (e.g., teachers’ collaboration and collective efficacy) 
than direct effects. Conversely, students who enrolled in schools where principals had more 
authority to make decisions, such as decisions regarding teachers’ benefits and curriculum 
reform, committed more hours to in-school learning on weekdays and after-school learning 
on weekends. Here, we suspect that school autonomy showed the positive associations with 
study load because a confounding variable might exist, which was school type (public vs. 
private). Compared with public schools, private schools usually have higher autonomy 
(more authority to make decisions). With stronger motivation, they are also eager to help 
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students excel since they have to survive in highly competitive environments and attract 
more students to enroll in their schools.    
Can Less Be More? 
Among seven aspects of study load, in-school learning on weekends was the only 
component of study load that demonstrated a significant and negative effect on science 
achievement, after we adjusted for student, teacher, and school characteristics. We might 
interpret the negative relationship as students who spent longer in-school learning hours on 
weekends achieved lower science scores, or students who were less successful in science 
committed more time to in-school learning on weekends. No matter how the negative 
relationship is interpreted, it is confirmed that longer hours in in-school learning on 
weekends cannot produce more successful science achievement. Regarding the 
relationship between study load and academic achievement, we made two evidence-based 
conclusions. First, more in-school learning on weekends might not result in more 
successful academic achievement. Second, the total study load and other components of 
study load did not show any significant effects on performance when student, teacher, and 
school characteristics were statistically controlled. This meant after taking those predicted 
variables into account, they could not significantly and uniquely contribute to science 
achievement. In other words, the present study did not support the belief that claims, “a 
heavier study load results in more successful academic achievement”. From a practical 
perspective, in order to reduce Chinese K-12 students’ study overload, which has caused 
serious concerns inside and outside educational communities, Chinese educational 
administration have issued numbers of policies that attempted to forbid K-12 schools to 
offer courses for any students on weekends (China’s Ministry of Education, 2018; Henan 
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Provincial Education Department, 2009; Zhengjiang Provincial Education Department, 
2019). The present study did support those policies concerning reducing study load.  
Furthermore, the present study established seven equations from full MMMMs to 
depict relative effects of study load on science achievement. Those equations would also 
help us figure out the answer to the core research question of “Can less be more?” This 
idea reflects the philosophy of pursuing efficiency and effectiveness on learning, namely 
that a lighter study load may result in more successful academic achievement. In terms of 
those equations, basically, we looked for the means in which it is probable to reduce the 
effect of students’ study load on science achievement by manipulating significant and 
changeable independent variables. In other words, we used equations to illustrate how 
school characteristics conditionally affect or moderate the relationship between study load 
and academic achievement. Because significant and changeable teacher characteristics 
were not found in models, examples related to teacher factors are not available.  
Study Load, Mean Academic Pressure, and Achievement 
Among school characteristics, mean academic pressure demonstrated significant 
main effect and interaction effect of study load on science achievement. Therefore, we 
focus on the relationships between study load, mean academic pressure within schools, 
with science achievement. In order to simplify the discussion, we keep only these three 
variables in the model by setting other independent variables to be zero. Because, in 
MMMMs, all continuous variables were estimated by centering, we can achieve this goal 
through using mean scores for continuous variables and reference categories for dummy 
variables. Here, the simplified equation for after-school learning on weekends can be 
expressed as: 
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𝑦𝑦𝚤𝚤�= 473.09 + 2.34∗ (𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖  – 39.18∗ (𝑚𝑚𝑒𝑒𝑡𝑡𝑔𝑔 𝑡𝑡𝑡𝑡𝑡𝑡𝑔𝑔𝑒𝑒𝑚𝑚𝑖𝑖𝑡𝑡 𝑝𝑝𝑒𝑒𝑒𝑒𝑠𝑠𝑠𝑠𝑢𝑢𝑒𝑒𝑒𝑒)𝑖𝑖 + 3.65 ∗
(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑚𝑚𝑒𝑒𝑡𝑡𝑔𝑔 𝑡𝑡𝑡𝑡𝑡𝑡𝑔𝑔𝑒𝑒𝑚𝑚𝑖𝑖𝑡𝑡 𝑝𝑝𝑒𝑒𝑒𝑒𝑠𝑠𝑠𝑠𝑢𝑢𝑒𝑒𝑒𝑒)𝑖𝑖 
where 𝑦𝑦𝚤𝚤�  is the estimated science score for the student i. 473.09 is the grand mean of science 
achievement with adjusting for student, teacher, and school characteristics. 
(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑚𝑚𝑒𝑒𝑡𝑡𝑔𝑔 𝑡𝑡𝑡𝑡𝑡𝑡𝑔𝑔𝑒𝑒𝑚𝑚𝑖𝑖𝑡𝑡 𝑝𝑝𝑒𝑒𝑒𝑒𝑠𝑠𝑠𝑠𝑢𝑢𝑒𝑒𝑒𝑒)𝑖𝑖 is the cross-level interaction.  
When students spend one less hour in after-school learning on weekends than the 
average (i.e., study load = -1) and, at the same time, they enroll in the school with one-unit 
lower score for mean academic pressure than its average (i.e., mean academic pressure = -
1), their science achievement would be estimated to increase 49.49 points accordingly (see 
the following equation).  
𝑦𝑦𝚤𝚤�= 473.09 + 2.34∗ (−1)  – 39.18∗ (−1) + 3.65 ∗ (−1)(−1) 
= 473.09 − 2.34 + 39.18 + 3.65 = 513.58 
 Also, the simplified equation for homework on weekends can be expressed as: 
𝑦𝑦𝚤𝚤�= 474.48 + 2.08∗ (𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖 – 41.13*(𝑚𝑚𝑒𝑒𝑡𝑡𝑔𝑔 𝑡𝑡𝑡𝑡𝑡𝑡𝑔𝑔𝑒𝑒𝑚𝑚𝑖𝑖𝑡𝑡 𝑝𝑝𝑒𝑒𝑒𝑒𝑠𝑠𝑠𝑠𝑢𝑢𝑒𝑒𝑒𝑒)𝑖𝑖 + 2.02 ∗
(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑚𝑚𝑒𝑒𝑡𝑡𝑔𝑔 𝑡𝑡𝑡𝑡𝑡𝑡𝑔𝑔𝑒𝑒𝑚𝑚𝑖𝑖𝑡𝑡 𝑝𝑝𝑒𝑒𝑒𝑒𝑠𝑠𝑠𝑠𝑢𝑢𝑒𝑒𝑒𝑒)𝑖𝑖 
Again, when students spend one less hour doing homework on weekends than the 
average (i.e., study load = -1) and, at the same time, they enroll in the school with one-unit 
lower score for mean academic pressure than its average (i.e., mean academic pressure = -
1), their science achievement would be estimated to increase 41.07 points accordingly (see 
the following equation). 
𝑦𝑦𝚤𝚤�= 474.48 + 2.08* (−1) – 41.13* (−1)+ 2.02 ∗ (−1)(−1) 
= 474.48 − 2.08 + 41.13 + 2.02 = 515.55 
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Therefore, we argue that the answer for the core research question of “Can less be 
more?” is likely on the “yes” side. For a nationally typical student who possesses the most 
common individual, teacher, and school characteristics, less homework and after-school 
learning time on weekends, as well as lower level of mean academic pressure in his or her 
school, could result in more successful science achievement. In general, a higher level of 
academic pressure is more likely to impair mental health. In the environment under which 
school climate features a higher level of academic pressure, students tend to experience 
serious school (study) burnout, which mediates the negative association between study 
demands (e.g., emotional engagement) and mental health outcomes (Mokgele & 
Rothmann, 2014; Wang, Chow, Hofkensa, & Salmela-Aro, 2015). Hence, among students 
who from schools with lower mean academic pressure, lighter after-school learning loads 
and fewer homework hours on weekends can result in more successful students’ 
achievement in science. 
Study Load, Mean Parental Involvement, and Achievement 
Mean parental involvement is the significant moderator for the association between 
the total study load and science achievement. Following the same procedure mentioned 
above, we got the simplified equation, which can be express as: 
𝑦𝑦𝚤𝚤�= 472.64 – 0.06∗ (𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖  – 13.26*(𝑚𝑚𝑒𝑒𝑡𝑡𝑔𝑔 𝑝𝑝𝑡𝑡𝑒𝑒𝑒𝑒𝑔𝑔𝑡𝑡𝑡𝑡𝑖𝑖 𝑖𝑖𝑔𝑔𝑙𝑙𝑜𝑜𝑖𝑖𝑙𝑙𝑒𝑒𝑚𝑚𝑒𝑒𝑔𝑔𝑡𝑡)𝑖𝑖  – 
0.89*(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑚𝑚𝑒𝑒𝑡𝑡𝑔𝑔 𝑝𝑝𝑡𝑡𝑒𝑒𝑒𝑒𝑔𝑔𝑡𝑡𝑡𝑡𝑖𝑖 𝑖𝑖𝑔𝑔𝑙𝑙𝑜𝑜𝑖𝑖𝑙𝑙𝑒𝑒𝑚𝑚𝑒𝑒𝑔𝑔𝑡𝑡)𝑖𝑖  
Suppose that students’ total study load decreases by one hour less than the average 
(i.e., study load = -1), meaning they are committing one less hour to academic activities 
both on weekdays and weekends. Meanwhile, they enroll in the school with one-unit lower 
score for mean parental involvement than its average (i.e., mean parental involvement = -
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1). In this scenario, their science achievement would be estimated to increase 12.43 points 
accordingly (see the following equation). 
𝑦𝑦𝚤𝚤�= 472.64 – 0.06∗ (−1)  – 13.26*(−1)  – 0.89*(−1)(−1)  
=472.64+0.06+13.26-0.89=485.07 
From the perspective of interaction, the interaction term is -0.89, which does not 
add points to science achievement with less study load and lower mean parental 
involvement, whereas the main effect of mean parental involvement increases 13.26 
points. The results inspire us when it relates to individual study load, mean parental 
involvement in academic activities may have more complicated effects on science 
achievement in the Chinese context. Collectivism characterizes the Chinese culture, in 
which collective efforts and goals are emphasized over individual difference (Ho & Hau, 
2008). Students’ academic achievement is not an individual matter but a family affair. 
Accordingly, parents are highly involved in children’s education (Li et al., 2010). 
Nevertheless, higher-level parental academic involvement within schools is not always 
positive. Researchers argued that parents pursuing academic excellence in their children is 
a possible source of intense stress for many students in some Asian countries, such as 
China (Tan & Yates, 2011). The present study revealed that, among students who from 
schools with lower mean parental involvement, a lighter total study load can result in more 
successful students’ achievement in science. Hence, our findings critically challenge the 
extreme importance attached to efforts, which is rooted in the Chinese culture, also 
encourage more further research on effects of parental involvement at the school level on 
the association between study load and academic achievement. 
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Implications for Policies and Practices 
Enforcement on Current Policies 
The present study found that, on average, Chinese eighth-graders spent two to three 
hours doing homework on weekdays and three to four hours on weekends, with the heaviest 
homework time reported as about eight hours per day on both weekdays and weekends. 
Among Chinese eighth graders, their actual homework hours could be much more than the 
official maximum (one and half an hour hours) established by Chinese educational 
administration (e.g., China’s Ministry of Education, 2018; Henan Provincial Education 
Department, 2009; Zhengjiang Provincial Education Department, 2019). Meanwhile, 
students typically committed three hours taking courses at school on weekends, and the 
heaviest weekend in-school learning time was about eight hours, which was not different 
from the schedule on regular school days. This indicates students might not have enough 
time to relax and refresh even on weekends, as they continued to meet the regular schedule 
at school. Therefore, in order to reduce K-12 students’ study overload, which has caused 
serious public concerns in Chinese society, in-school learning on weekends has been 
forbidden by federal and local educational administration. Furthermore, the present study 
provided evidence for the statements of “more in-school learning on weekends did not 
result in more successful academic achievement” and “total study load and other 
components of study load were not significantly associated with science performance as 
student, teacher, and school characteristics were considered.” Our findings support the 
policies regarding reducing students’ heavy study loads administrated by Chinese 
educational administration. In addition, we suggest that the implementation of those 
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policies and school accountability, especially addressing homework hours and in-school 
learning loads on weekends, still must somehow be improved. 
Suggestions for “Less Can Be More” 
In the present study, we found that lower mean academic pressure and less study 
load could result in more successful science achievement. The question that measured 
students’ academic pressure was “I am always concerned about my failure in each test.” 
Students in schools where school climate featured higher-level academic stress are more 
likely to express concern about failure in each exam, compared to their counterparts. For 
those students, often fearing about failure may weaken their motivation beliefs (e.g., self-
efficacy) on learning because personal emotions, especially negative emotions, are one 
type of source that influence students’ self-efficacy (Britner & Pajares, 2006; Usher & 
Pajares, 2006). Also, those students may feel less confident in learning, which hinders their 
quest for appropriate learning strategies to make progress. When individual academic 
pressure turns to a collective stress that becomes an academic atmosphere at school, more 
students may experience serious school (study) burnout, which mediates the negative 
association between emotional engagement and mental health outcomes (Mokgele & 
Rothmann, 2014; Wang et al., 2015). Therefore, we suggest that reducing academic 
pressure within schools for Chinese eighth-grade students would be helpful to improve 
their academic achievement with lighter study loads, especially in homework and after-
school learning on weekends. 
Moreover, we found that lower mean parental involvement and less study load 
could result in more successful science achievement. Numbers of studies with meta-
analysis approaches to examine the relationship between parental involvement and 
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academic achievement revealed a significant and positive association across majority 
group (Fan & Chen, 2001; Hattie, 2009; Jeynes, 2012; Ma, Shen, Krenn, Hu, & Yuan, 
2015) and all minority groups (Jeynes, 2003). Kim (2020) also reported a positive 
relationship in East Asian countries. However, in the present study, there was a significant 
but negative interaction effect between total study load and mean parental involvement. 
Some researchers argued that the main source for Chinese students’ heavy study load was 
family, and Chinese parental anxiety could be the factor that made reducing individual 
academic stress so difficult (Zhao, Selman, & Haste, 2015). Chinese parental anxiety 
resulted from many social and economic factors, such as unequal distributions of resources 
in education, fierce competition, huge gaps in SES, and high-stakes National College 
Entrance Examination. Chinese culture emphasizes the malleability of human beings. 
Chinese people believe that achievement is possible if they work hard no matter their 
current levels of ability. They consider that innate abilities may determine the rate by which 
one acquires knowledge, but effort is responsible for the ultimate level of achievement 
(Chen et al., 1996). Hence, parents are highly involved in children’s education (Li et al., 
2010). Nevertheless, higher-level parental academic involvement within schools is not 
always positive in terms of the Chinese context. Researchers argued that parents pursuing 
academic excellence is a possible source of intense stress for many students in China (Tan 
& Yates, 2011). Besides, Duan, Guan, and Bu (2018) claimed that parental involvement 
was highly beneficial for junior school students in families with low SES. In the current 
analyses, a strong and positive correlation between mean SES and parental involvement at 
the school level also inspired us to suggest that reducing parental academic involvement 
for Chinese eighth-grade students would benefit academic achievement with a lighter total 
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study load, especially within schools with higher mean SES. In a word, the present study 
challenges us to rethink about the extreme importance attached to efforts that is rooted in 
the Chinese culture and take actions to foster school climates, featuring appropriate 
academic pressure and parental academic involvement, which matter for educational 
efficiency and effectiveness, meaning less study load can result in more successful 
students’ learning outcomes. 
Limitations and Future Research 
One limitation is related to the estimation for after-school learning on weekdays. 
We measured this component of study load through two items regarding attending 
extracurricular activities at school or a shadow education system/private torturing outside 
school. In order to avoid the overlapping issue, we excluded the item regarding personal 
reading from calculating after-school learning hours on both weekdays and weekends since 
it is very likely that students commit some period of time to personal reading when they 
attending extracurricular activities at school, a shadow education system, or private 
torturing outside school, and this would result in hours being counted twice. Meanwhile, 
about 40 percent of students reported that they did not spend time on those academic 
activities after school on weekdays. For estimation, if take advantage of the logarithm of 
this variable to estimate in the models instead, we would have a high rate of missing data, 
which could be more harmful for generating reliable results. Hence, we directly utilized 
after-school learning hours on weekdays rather than the logarithm values.  
Moreover, because the present study is a second-hand data analysis, some important 
variables, such as students’ prior science achievement, teachers’ career motivation and 
expectation as well as school type (public vs. private), which could not be controlled for, 
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is another limitation. Those variables may have the potential to make some significant 
impacts and be helpful to interpret the effects of the factors examined by this study (e.g., 
homeroom teacher, science classroom practice, school autonomy and principal leadership), 
or once they are controlled for in a model, some school context characteristics (e.g., mean 
SES) might disappear (Marks, 2015).  
Furthermore, constructs in this study leave room for improvement, especially 
academic pressure and study load.  In the present study, academic pressure was a single 
item measurement, which only addressed students’ stress concerning taking exams. 
However, academic pressure can be a broader concept capturing the spectrum of students’ 
stress regarding multiple academic activities inside and outside schools. Similarly, study 
load can be better measured through an improved questionnaire that aims to collect more 
accurate information about students’ commitment to all academic activities. Given data 
collected using the student self-report instrument could be subjective, adopting techniques 
of wearing equipment to collect more objective data may be a good way for improvement.  
Regarding future research on this “hot” topic, we have several suggestions for 
improvement. First, researchers should pay more attention to underrepresented 
populations, such as students from lower SES families, left-behind and migrant children, 
who may show different patterns for the effect of study load on academic achievement. 
Second, in terms of the Chinese context, reviewing differential effects of different types of 
parental involvement (e.g., academic socialization, home involvement, and school 
involvement) on academic achievement is valuable. Finally, longitudinal studies can better 
approach the core research question of “Can less be more?” concerning study load since 
the present research is a cross-sectional study. 
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APPENDIX A. Variables and Description 
  
Variables Description 
Science achievement 
 
Science achievement is measured by a standardized test. The 
science test emphasizes the assessment of science literacy, 
especially scientific inquiry competency. There were 30 items 
(24 multiple-choice questions and six open- ended items) on the 
test. Biology, geography, physics, and inquiry are included in 
knowledge content.  
Study load-related 
variables 
 
Time commitment to in-school, homework, and after-school 
learning both on weekdays and weekends in a week (six 
components and the total study load). 
In-school on 
weekdays 
(IW) 
 
Time commitment to in-school learning on weekdays. 
IW = Class. Composite. 
Class = frequency × 45 minutes (In terms of the Chinese 
context, students typically spend 45 minutes in one class). 
Item #3: Last semester, how many classes did you take in all 
subjects per week Monday through Friday?  
Response: 1) Less than 5, 2) 5, 3) 6, 4) 7, 5) 8, 6) 9, 7) 10, 7) 
More than 10. 
Code: 1) = 4, 2) = 5, 3) = 6, 4) = 7, 5) = 8, 6) = 9, 7) = 10, 7) = 
11. 
Homework on 
weekdays 
(HW) 
 
Time commitment to homework on weekdays. 
HW = (Homework assigned by teachers + Homework assigned 
by other adults) × 5 days. Composite. 
Item #6: Last semester, how many hours did you spend doing 
homework assigned by teachers at school per day Monday 
through Friday?  
Item #7: Last semester, how many hours did you spend doing 
homework assigned by other adults (e.g., parents or private 
tutors) per day Monday through Friday?  
Response: 1) 0, 2) Less than 1 hour, 3) 1 hour-2 hours, 4) 2-3 
hours, 5) 3-4 hours, 6) More than 4 hours. 
Code: 1) = 0, 2) = 0.5, 3) = 1, 4) = 2, 5) = 3, 6) = 4. 
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Variables Description 
After-school 
learning on 
weekdays (AW) 
Time commitment to after-school learning on weekdays. 
AW = Attending a shadow education system/private tutoring + 
Attending extracurricular activities at school. Composite.  
Item #18: Last semester, how many hours did you spend 
attending extracurricular activities at school per week Monday 
through Friday?  
Item #19: Last semester, how many hours did you spend 
attending a shadow education system or private tutoring per 
week Monday through Friday?  
Response: 1) 0, 2) 1 hour-2 hours, 3) 3-4 hours, 4) 5-6 hours, 5) 
7-8 hours, 6) 9-10 hours, 7) More than 10 hours. 
Code: 1) = 0, 2) = 1, 3) = 3, 4) = 5, 5) = 7, 6) = 9, 7) = 11. 
In-school on 
weekends 
(IWD) 
 
Time commitment to in-school learning on weekends. 
IWD = Class×2 days. Continuous. Class = frequency × 45 mins. 
Item #20: Last semester, how many classes did you take per day 
on the weekend?  
Response: 1) 0, 2) 1-2, 3) 3-4, 4) 5-6, 5) 7-8, 6) 9-10, 7) More 
than 10. 
Code: 1) = 0, 2) = 1, 3) = 3, 4) = 5, 5) = 7, 6) = 9, 7) = 11. 
Homework on 
weekends 
(HWD) 
 
Time commitment to homework on weekends 
HWD = (Homework assigned by teachers + Homework 
assigned by other adults) × 2days. Composite. 
Item #22: Last semester, how many hours did you spend doing 
homework assigned by teachers at school per day on weekends?  
Item #23: Last semester, how many hours did you spend doing 
homework assigned by other adults (e.g., parents or private 
tutors) per day on the weekend? 
Response: 1) 0, 2) Less than 1hour, 3) 1hour-2 hours, 4) 2-3 
hours, 5) 3-4 hours, 6) More than 4 hours. 
Code: 1) = 0, 2) = 0.5, 3) = 1, 4) = 2, 5) = 3, 6) = 4. 
After-school 
learning on 
weekends (AWD) 
Time commitment to after-school learning on weekends. 
AWD = Attending a shadow education system/private tutoring 
× 2days. Composite. 
Item #24:  Last semester, how many hours did you spend 
attending a shadow education system or private tutoring per day 
on the weekend?  
Response: 1) 0, 2) 0.5 hour, 3) 1hour, 4) 1.5 hours, 5) 2 hours, 
6) 3 hours, 7) 4 hours, 8) More than 4 hours. 
Code: 1) = 0, 2) = 0.5, 3) = 1, 4) = 1.5, 5) = 2, 6) = 3, 7) = 4, 8) 
= 5. 
Total study load on 
both weekdays and 
weekends (TOTAL) 
Total amount of time committed to in-school, homework, and 
after-school learning both on weekdays and weekends per week. 
TATOL = IW+HW+AW+IWD+HWD+AWD.  
Composite. 
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Variables Description 
Other student-level 
 variables 
Gender What is your gender? 1) Male, 2) Female. Dummy: 1) = 0; 2) = 1. 
SES Students’ family socioeconomic status. A composite variable 
includes three components: home possessions, father’s (mother’s) 
job, and father’s (mother’s) education. The example item: What is 
your father’s (mother’s) job? 1) Worker, 2) Farmer, 3) Self-
employed, 4) Service sector, 5) Government employee, 6) 
Education or medicine sector, 7) Business (management) sector, 
8) Military sector, 9) Migrant worker, 10) Unemployed.  
Single-parent 
household 
Families with children under age 18 headed by a parent.  
What is the composition of your family? 1) Both-parent 
household (biological parents), 2) Both-parent household 
(stepmother or stepfather), 3) Single-parent household (father or 
mother passed away), 4) Single-parent household (parents 
divorced). Dummy: 1), 2) = 0; 3), 4) = 1.  
One child Single child is a child with no siblings, either biological or 
adopted. How many siblings do you have? 1) None, 2) One, 3) 
Two, 4) Three or more. Dummy: 1) = 1; 2), 3), 4) = 0.  
Left-behind child Left-behind child is the child whose parents (or one parent) do 
not work in this area. Do your parents work in this area (city or 
county in which your school is located)? 1) No, both parents do 
not work in this area; 2) Yes, only my father works in this area; 3) 
Yes, only my mother works in this area; 4) Yes, both parents 
work in this area. Dummy 1), 2), 3) = 1; 4) = 0. 
 
Migrant child Migrant child is the child who, with his or her family, moved 
from the rural region to a city. Did you move from the rural 
region to a city with your parents or other relatives? 1) Yes, from 
the rural region to a city; 2) No, from one rural region to another 
rural region or from other city to this city; 3) No move. Dummy: 
1) = 1; 2), 3) = 0.  
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Variables Description 
Teacher-Level  
Variables 
 
Gender What is your gender? 1) Male, 2) Female. Dummy: 1) = 0; 2) = 1. 
Education level 
 
 
 
 
Teachers’ highest educational levels. Your highest education level 
(including the degree you are pursuing now) is: 1) Junior high 
school or lower, 2) High school, 3) Vocational high school (teacher 
education), 4) Vocational high school, 5) College (teacher 
education) (2 or 3 years), 6) College (2 or 3 years), 7) Bachelor’s 
degree (teacher education), 8) Bachelor’s degree, 9) Master’s 
degree, 10) Doctoral degree. Dummy (a bachelor’s or graduate 
degree): 7), 8), 9), 10) = 1; 1), 2), 3), 4), 5), 6) = 0. 
Professional title Teachers’ professional titles. Your professional title is: 1) No title, 
2) Level 2, 3) Level 1, 4) Advanced level. Dummy (advanced 
level): 4) = 1; 1), 2), 3) = 0.  
Teaching 
experience 
Teachers’ experience in teaching. How long have you been an 
elementary or secondary teacher (including this year)? 1) Less than 
1 year, 2) 1 year to 2 years, 3) 3 to 4 years, 4) 5 to 10 years, 5) 11 to 
15 years, 6) 16 to 20 years, 7) More than 20 years. Dummy 
(teaching more than 10 years): 5), 6), 7) = 1; 1), 2), 3), 4) = 0. 
Homeroom 
teacher 
Act as a homeroom teacher. Last semester, did you act as a 
homeroom teacher? 1) Yes, 2) No.  Dummy: 1) = 1; 2) = 0. 
Professional 
growth 
Teachers’ professional development. Last semester, how often did 
you participate in the following activities? 1) Listen to expert 
lectures, 2) Participate in research, 3) Participate in teaching 
seminars organized by schools, 4) Observe other teachers’ classes 
and have a discussion with them, 5) Share experiences and discuss 
questions with your colleagues, 6) Analyze teaching cases, 7) Learn 
and reflect by yourself, such as writing a teaching journal. 
Response: (a) never, (b) seldom, (c) sometimes, (d) often, (e) all the 
time. Continuous (valid average). 
Science 
classroom 
practice 
Teachers’ instruction in science. How often do the following 
activities happen in your instruction? 1) Students compare the 
research approaches they use with those used by other students or 
scientists, 2) Students do experiments in labs, 3) Students propose 
hypotheses and design experiments to test them, 4) Students do 
experiments to confirm the scientific principles they have learned, 
5) Students consider the links between science, technology, and 
society, 6) Students design experiments for testing their hypotheses, 
7) Students design experiments in scientific inquiry, 8) Students do 
experiments in classrooms, 9) Students reflect what they do in their 
investigations and why. Response: (a) never, (b) seldom, (c) 
sometimes, (d) often, (e) all the time. Continuous (valid average). 
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Variables Description 
School-level  
variables 
 
School size School enrollment size. What is the total number of students in your 
school? Continuous (in number of units with 100 as one unit). 
Mean SES Mean SES within school. Aggregation of each student’s SES within 
the school. Continuous. 
Mean teacher 
education 
Average teacher education within the school, which is indicated by 
the percentage of teachers with at least a bachelor’s degree. 
Aggregation of each teacher’s education level within the school for 
computing the percentage. 
Per-student 
expenditure 
Average per student expenditure (in Chinese currency). School 
annual expenditure divided by school (enrollment) size. 
Continuous. 
Mean academic 
pressure 
Average level of mental stress associated with academic activities 
within the school. I am always concerned about my failure in each 
test. Response: (a) never, (b) seldom, (c) sometimes, (d) often, (e) 
always. Aggregation of each student’s average response within the 
school. Continuous. 
Mean parental 
involvement 
Average quantity of parents participating in their children’s 
schooling within the school. How often do your parents implement 
the following tasks? 1) Ask me about what I learn at school, 2) 
Check my homework, 3) Discuss affairs in my school, 4) Take me 
to attend a shadow education system. Response: (a) almost every 
day or every day, (b)one to three times one week, (c) one to three 
times one month, (d) one to three times one semester, (e) never 
(reverse coding). Aggregation of each student’s average response 
within schools. Continuous. 
School 
autonomy 
Schools have the authority to make decisions. Does your school 
have the authority to decide on the following tasks? 1) Personnel 
(e.g., appointment of teachers), 2) Teachers’ benefits, 3) Allocation 
of funding from the government, 4) Curriculum (e.g., curriculum 
reform). Response: (a) yes, (b) to some degree, (c) no. Continuous 
(valid average). 
Extracurricular 
activities 
Extracurricular (school-based curricular) activities are offered for 
students. Which of the following extracurricular (school-based 
curricular) activities does your school provide students with? 1) 
subject-related (e.g., teaching fundamental knowledge and skills), 
2) strategy-related (e.g., teaching strategies in learning), 3) literacy-
related (e.g., improving comprehensive literacy for students), 4) 
creativity-related (e.g., encouraging students to be creative). 
Continuous (count of selected activities). 
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Variables Description 
Principal 
leadership 
Principals’ behaviors concerning democratic government, support 
for teaching, and support for professional development. How often 
do you work on the following tasks? 1) Treat each teacher fairly 
concerning evaluation instruction, 2) Offer opportunities for 
teachers to improve instruction reform, 3) Ask for advice from 
teachers on problems in schooling management, 4) Make school 
affairs transparent, 5) Make instruction affairs transparent, 6) 
Motivate teachers to apply new teaching methods and accept new 
teaching ideas, 7) Respect and support teachers’ innovation in 
teaching, 8) Encourage teachers to obtain and communicate new 
knowledge, 9) Encourage teachers to collaborate in research and 
learn from each other, 10) Offer teachers professional 
development opportunities and encourage them to engage in 
teaching training programs, 11) Provide teachers with rich social 
resources, 12) Ask teachers about the needs of professional 
development and provide information, materials, and possible 
channels about professional development, 13) Improve 
professional development by guiding teachers to design their 
career plans, 14) Offer teachers effective professional guidance 
and support by inviting experts to give lectures. Response: (a) 
never, (b) seldom, (c) sometimes, (d) often, (e) always. 
Aggregation of each teacher’s average response within schools.  
Continuous. 
Mean study load Average study load within the school. Aggregation of each 
student’s overall study load within the school. Continuous. 
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APPENDIX B. Descriptive Statistics of Student Variables 
Table 8 
Correlation Coefficients among Six Components of Study Load, Total Study Load, and 
Science Achievement  
 1. 2. 3. 4. 5. 6. 7. 8. 
Study load 
On weekdays 
        
1. In-school learning 1.00        
2. Homework .13 1.00       
3. After-school learning .05 .23 1.00      
On weekends         
4. In-school learning .13 .13 .10 1.00     
5. Homework .11 .62 .18 .03 1.00    
6. After-school learning .03 .18 .45 -.02 .29 1.00   
7. Total study load on 
weekdays and 
weekends 
.45 .77 .50 .48 .63 .45 1.00 
 
8. Science achievement -.02 .06 -.02 -.09 .22 .15 .06 1.00 
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Table 9 
Descriptive Statistics of Science Achievement and Student Characteristics 
Variables Mean SD 
Science achievement  493.11 104.61 
Girl (vs. boy)  .47 .50 
Family social economic status (continuous) .07 .77 
One child (vs. multiple children) .24 .43 
Single-parent household (vs. both-parent household) .07 .26 
Left-behind child (vs. child who lives with parents) .02 .14 
Migrant child (vs. child who stays in hometown) .22 .42 
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Table 10 
Correlation Coefficients among Student Characteristics 
 1. 2. 3. 4. 5. 6. 
1. Gender 1.00      
2. SES -.00      1.00     
3. One child -.06    .35    1.00    
4. Single-parent household .03     -.03     .09       1.00   
5. Left-behind child -.04    -.06    -.03       .04      1.00  
6. Migrant child -.01    -.20     -.18       -.03     -.08   1.00 
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APPENDIX C. Descriptive Statistics of Teacher Variables 
Table 11 
Descriptive Statistics of Teacher Characteristics 
Variables Mean SD 
Female teacher  
(vs. male teacher)  .67 .47 
Advanced professional title 
 (vs. non-advanced professional title) .17 .38 
Teaching more than 10 years  
(vs. teaching less than 10 years or 10 years) .51 .50 
Held a bachelor’s or graduate degree (master’s 
degree or Ph.D.)  
(vs. without a bachelor’s or graduate degree) 
.96 .19 
Homeroom teacher  
(vs. only work as a subject teacher) .29 .45 
Professional growth (continuous) 3.61 .76 
Science classroom practice (continuous) 3.67 .78 
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Table 12 
Correlation Coefficients among Teacher Characteristics 
 1. 2. 3. 4. 5. 6. 7. 
1. Gender 1.00       
2. Professional title .13       1.00      
3. Teaching experience -.01       .47        1.00     
4. Education level .04        .05        -.22       1.00    
5. Homeroom teacher -.18       -.01       -.03      -.01       1.00   
6. Professional growth .11        .12       .17        -.07       .06        1.00  
7. Science classroom practice -.12       .10        .06        -.05       .05        .35        1.00 
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APPENDIX D. Descriptive Statistics of School Variables 
Table 13 
Descriptive Statistics of School Characteristics 
Continuous variables Mean SD 
School Size 13.72 8.05 
Mean SES -0.04 0.46 
Mean teacher education 96.87 4.46 
Per-student expenditure 118.04 141.48 
Mean academic pressure 3.48 0.19 
Mean parental involvement 3.18 0.23 
Principal leadership 3.64 0.33 
School autonomy 2.29 0.33 
Extracurricular activities  2.71 0.95 
Mean study load 79.52 6.43 
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Table 14 
Correlation Coefficients among School Characteristics 
 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 
1. School size 1.00                
2. Mean SES .22      1.00               
3. Mean 
teacher 
education 
.08     .39       1.00             
4. Per-student 
expenditure -.29      .30        .15      1.00        
5. Mean 
academic 
pressure 
.21            .25      .25      -.02   1.00          
6. Mean 
parental 
involvement 
.31             .71      .20      .25      -.08 1.00     
7. Principal 
leadership .08        .31  .14     .18   -.03 .23      1.00    
8. School 
autonomy -.18        -.20 .03       .03      .01     -.19      -.00       1.00   
9. Extra-
curricular 
activities  
.13          .28  .15     .22     .02  .24     .23      -.08 1.00  
10. Mean study 
load .27     .54      .27    .17      .36      .56      .09      .07      .10      1.00      
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APPENDIX E. Equations of Seven Full Models 
Full MMMM for in-school learning on weekdays can be expressed as: 
y�𝑖𝑖= 472.42 + 0.14 ∗ (𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖 −5.65 ∗ (𝑔𝑔𝑒𝑒𝑔𝑔𝑔𝑔𝑒𝑒𝑒𝑒)𝑖𝑖 + 3.57 ∗ (𝑆𝑆𝑆𝑆𝑆𝑆)𝑖𝑖 + 15.89 ∗
(𝑜𝑜𝑔𝑔𝑒𝑒 𝑡𝑡ℎ𝑖𝑖𝑖𝑖𝑔𝑔)𝑖𝑖 -3.74*(𝑠𝑠𝑖𝑖𝑔𝑔𝑔𝑔𝑖𝑖𝑒𝑒 − 𝑝𝑝𝑡𝑡𝑒𝑒𝑒𝑒𝑔𝑔𝑡𝑡 ℎ𝑜𝑜𝑢𝑢𝑠𝑠𝑒𝑒ℎ𝑜𝑜𝑖𝑖𝑔𝑔)𝑖𝑖 – 20.09*(𝑖𝑖𝑒𝑒𝑙𝑙𝑡𝑡𝑙𝑙𝑒𝑒ℎ𝑖𝑖𝑔𝑔𝑔𝑔 𝑡𝑡ℎ𝑖𝑖𝑖𝑖𝑔𝑔)𝑖𝑖 + 
7.84 ∗ (𝑚𝑚𝑖𝑖𝑔𝑔𝑒𝑒𝑡𝑡𝑔𝑔𝑡𝑡 𝑡𝑡ℎ𝑖𝑖𝑖𝑖𝑔𝑔)𝑖𝑖 -4.49*(𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡ℎ𝑒𝑒𝑒𝑒 𝑔𝑔𝑒𝑒𝑔𝑔𝑔𝑔𝑒𝑒𝑒𝑒)������������������������𝑖𝑖 + 5.41 ∗ (𝑒𝑒𝑔𝑔𝑢𝑢𝑡𝑡𝑡𝑡𝑡𝑡𝑒𝑒𝑜𝑜𝑔𝑔 𝑖𝑖𝑒𝑒𝑙𝑙𝑒𝑒𝑖𝑖)�����������������������𝑖𝑖 + 
15.26 ∗ (𝑝𝑝𝑒𝑒𝑜𝑜𝑙𝑙𝑒𝑒𝑠𝑠𝑠𝑠𝑒𝑒𝑜𝑜𝑔𝑔𝑡𝑡𝑖𝑖 𝑡𝑡𝑒𝑒𝑡𝑡𝑖𝑖𝑒𝑒)���������������������������𝑖𝑖 + 4.28 ∗ (𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡ℎ𝑒𝑒𝑔𝑔𝑔𝑔 𝑒𝑒𝑒𝑒𝑝𝑝𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑔𝑔𝑡𝑡𝑒𝑒)������������������������������𝑖𝑖 + 14.58 ∗
(ℎ𝑜𝑜𝑚𝑚𝑒𝑒𝑒𝑒𝑜𝑜𝑜𝑜𝑚𝑚 𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡ℎ𝑒𝑒𝑒𝑒)����������������������������𝑖𝑖 – 3.10*(𝑝𝑝𝑒𝑒𝑜𝑜𝑙𝑙𝑒𝑒𝑠𝑠𝑠𝑠𝑒𝑒𝑜𝑜𝑔𝑔𝑡𝑡𝑖𝑖 𝑔𝑔𝑒𝑒𝑜𝑜𝑤𝑤𝑡𝑡ℎ)�������������������������������𝑖𝑖  – 
0.45*(𝑠𝑠𝑡𝑡𝑒𝑒𝑒𝑒𝑔𝑔𝑡𝑡𝑒𝑒 𝑡𝑡𝑖𝑖𝑡𝑡𝑠𝑠𝑠𝑠𝑒𝑒𝑜𝑜𝑜𝑜𝑚𝑚 𝑝𝑝𝑒𝑒𝑡𝑡𝑡𝑡𝑡𝑡𝑒𝑒𝑡𝑡𝑒𝑒)���������������������������������������𝑖𝑖+ 0.03 ∗ (𝑠𝑠𝑡𝑡ℎ𝑜𝑜𝑜𝑜𝑖𝑖 𝑠𝑠𝑖𝑖𝑠𝑠𝑒𝑒)𝑖𝑖 + 55.42 ∗ (𝑚𝑚𝑒𝑒𝑡𝑡𝑔𝑔 𝑆𝑆𝑆𝑆𝑆𝑆)𝑖𝑖 
+ 0.55 ∗ (𝑚𝑚𝑒𝑒𝑡𝑡𝑔𝑔 𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡ℎ𝑒𝑒𝑒𝑒 𝑒𝑒𝑔𝑔𝑢𝑢𝑡𝑡𝑡𝑡𝑡𝑡𝑖𝑖𝑜𝑜𝑔𝑔)𝑖𝑖 – 0.02*(𝑝𝑝𝑒𝑒𝑒𝑒 − 𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑒𝑒𝑔𝑔𝑡𝑡 𝑒𝑒𝑒𝑒𝑝𝑝𝑒𝑒𝑔𝑔𝑔𝑔𝑖𝑖𝑡𝑡𝑢𝑢𝑒𝑒𝑒𝑒)𝑖𝑖 – 
40.33*(𝑚𝑚𝑒𝑒𝑡𝑡𝑔𝑔 𝑡𝑡𝑡𝑡𝑡𝑡𝑔𝑔𝑒𝑒𝑚𝑚𝑖𝑖𝑡𝑡 𝑝𝑝𝑒𝑒𝑒𝑒𝑠𝑠𝑠𝑠𝑢𝑢𝑒𝑒𝑒𝑒)𝑖𝑖 – 11.76*(𝑚𝑚𝑒𝑒𝑡𝑡𝑔𝑔 𝑝𝑝𝑡𝑡𝑒𝑒𝑒𝑒𝑔𝑔𝑡𝑡𝑡𝑡𝑖𝑖 𝑖𝑖𝑔𝑔𝑙𝑙𝑜𝑜𝑖𝑖𝑙𝑙𝑒𝑒𝑚𝑚𝑒𝑒𝑔𝑔𝑡𝑡)𝑖𝑖 – 
4.35*(𝑝𝑝𝑒𝑒𝑖𝑖𝑔𝑔𝑡𝑡𝑖𝑖𝑝𝑝𝑡𝑡𝑖𝑖 𝑖𝑖𝑒𝑒𝑡𝑡𝑔𝑔𝑒𝑒𝑒𝑒𝑠𝑠ℎ𝑖𝑖𝑝𝑝)𝑖𝑖 – 24.21*(𝑠𝑠𝑡𝑡ℎ𝑜𝑜𝑜𝑜𝑖𝑖 𝑡𝑡𝑢𝑢𝑡𝑡𝑜𝑜𝑔𝑔𝑜𝑜𝑚𝑚𝑦𝑦)𝑖𝑖 + 4.02 ∗
(𝑒𝑒𝑒𝑒𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡𝑢𝑢𝑒𝑒𝑒𝑒𝑖𝑖𝑡𝑡𝑢𝑢𝑖𝑖𝑡𝑡𝑒𝑒 𝑡𝑡𝑡𝑡𝑡𝑡𝑖𝑖𝑙𝑙𝑖𝑖𝑡𝑡𝑖𝑖𝑒𝑒𝑠𝑠)𝑖𝑖  + 0.71 ∗ (𝑚𝑚𝑒𝑒𝑡𝑡𝑔𝑔 𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖   - 
0.02*(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑠𝑠𝑡𝑡ℎ𝑜𝑜𝑜𝑜𝑖𝑖 𝑠𝑠𝑖𝑖𝑠𝑠𝑒𝑒)𝑖𝑖 – 0.28*(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑚𝑚𝑒𝑒𝑡𝑡𝑔𝑔 𝑆𝑆𝑆𝑆𝑆𝑆)𝑖𝑖 – 
0.06*(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑚𝑚𝑒𝑒𝑡𝑡𝑔𝑔 𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡ℎ𝑒𝑒𝑒𝑒 𝑒𝑒𝑔𝑔𝑢𝑢𝑡𝑡𝑡𝑡𝑡𝑡𝑖𝑖𝑜𝑜𝑔𝑔)𝑖𝑖 + 0.00 ∗ (𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑝𝑝𝑒𝑒𝑒𝑒 −
𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑒𝑒𝑔𝑔𝑡𝑡 𝑒𝑒𝑒𝑒𝑝𝑝𝑒𝑒𝑔𝑔𝑔𝑔𝑖𝑖𝑡𝑡𝑢𝑢𝑒𝑒𝑒𝑒)𝑖𝑖 + 0.00 ∗ (𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑚𝑚𝑒𝑒𝑡𝑡𝑔𝑔 𝑡𝑡𝑡𝑡𝑡𝑡𝑔𝑔𝑒𝑒𝑚𝑚𝑖𝑖𝑡𝑡 𝑝𝑝𝑒𝑒𝑒𝑒𝑠𝑠𝑠𝑠𝑢𝑢𝑒𝑒𝑒𝑒)𝑖𝑖 – 
0.13*(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑚𝑚𝑒𝑒𝑡𝑡𝑔𝑔 𝑝𝑝𝑡𝑡𝑒𝑒𝑒𝑒𝑔𝑔𝑡𝑡𝑡𝑡𝑖𝑖 𝑖𝑖𝑔𝑔𝑙𝑙𝑜𝑜𝑖𝑖𝑙𝑙𝑒𝑒𝑚𝑚𝑒𝑒𝑔𝑔𝑡𝑡)𝑖𝑖 + 1.04 ∗
(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑝𝑝𝑒𝑒𝑖𝑖𝑔𝑔𝑡𝑡𝑖𝑖𝑝𝑝𝑡𝑡𝑖𝑖 𝑖𝑖𝑒𝑒𝑡𝑡𝑔𝑔𝑒𝑒𝑒𝑒𝑠𝑠ℎ𝑖𝑖𝑝𝑝)𝑖𝑖 + 0.56 ∗ (𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑠𝑠𝑡𝑡ℎ𝑜𝑜𝑜𝑜𝑖𝑖 𝑡𝑡𝑢𝑢𝑡𝑡𝑜𝑜𝑔𝑔𝑜𝑜𝑚𝑚𝑦𝑦)𝑖𝑖 – 
0.17*(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑒𝑒𝑒𝑒𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡𝑢𝑢𝑒𝑒𝑒𝑒𝑖𝑖𝑡𝑡𝑢𝑢𝑖𝑖𝑡𝑡𝑒𝑒 𝑡𝑡𝑡𝑡𝑡𝑡𝑖𝑖𝑙𝑙𝑖𝑖𝑡𝑡𝑖𝑖𝑒𝑒𝑠𝑠)𝑖𝑖  + 0.00 ∗
(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑚𝑚𝑒𝑒𝑡𝑡𝑔𝑔 𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖  
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Full MMMM for homework on weekdays can be expressed as: 
y�𝑖𝑖= 470.46 – 1.22∗ (𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖 −5.77 ∗ (𝑔𝑔𝑒𝑒𝑔𝑔𝑔𝑔𝑒𝑒𝑒𝑒)𝑖𝑖 + 3.39 ∗ (𝑆𝑆𝑆𝑆𝑆𝑆)𝑖𝑖 + 16.12 ∗
(𝑜𝑜𝑔𝑔𝑒𝑒 𝑡𝑡ℎ𝑖𝑖𝑖𝑖𝑔𝑔)𝑖𝑖 – 4.04*(𝑠𝑠𝑖𝑖𝑔𝑔𝑔𝑔𝑖𝑖𝑒𝑒 − 𝑝𝑝𝑡𝑡𝑒𝑒𝑒𝑒𝑔𝑔𝑡𝑡 ℎ𝑜𝑜𝑢𝑢𝑠𝑠𝑒𝑒ℎ𝑜𝑜𝑖𝑖𝑔𝑔)𝑖𝑖 – 20.22*(𝑖𝑖𝑒𝑒𝑙𝑙𝑡𝑡𝑙𝑙𝑒𝑒ℎ𝑖𝑖𝑔𝑔𝑔𝑔 𝑡𝑡ℎ𝑖𝑖𝑖𝑖𝑔𝑔)𝑖𝑖 + 
7.63 ∗ (𝑚𝑚𝑖𝑖𝑔𝑔𝑒𝑒𝑡𝑡𝑔𝑔𝑡𝑡 𝑡𝑡ℎ𝑖𝑖𝑖𝑖𝑔𝑔)𝑖𝑖 – 4.08*(𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡ℎ𝑒𝑒𝑒𝑒 𝑔𝑔𝑒𝑒𝑔𝑔𝑔𝑔𝑒𝑒𝑒𝑒)������������������������𝑖𝑖 + 7.59 ∗ (𝑒𝑒𝑔𝑔𝑢𝑢𝑡𝑡𝑡𝑡𝑡𝑡𝑒𝑒𝑜𝑜𝑔𝑔 𝑖𝑖𝑒𝑒𝑙𝑙𝑒𝑒𝑖𝑖)�����������������������𝑖𝑖 + 
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(ℎ𝑜𝑜𝑚𝑚𝑒𝑒𝑒𝑒𝑜𝑜𝑜𝑜𝑚𝑚 𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡ℎ𝑒𝑒𝑒𝑒)����������������������������𝑖𝑖 – 3.88*(𝑝𝑝𝑒𝑒𝑜𝑜𝑙𝑙𝑒𝑒𝑠𝑠𝑠𝑠𝑒𝑒𝑜𝑜𝑔𝑔𝑡𝑡𝑖𝑖 𝑔𝑔𝑒𝑒𝑜𝑜𝑤𝑤𝑡𝑡ℎ)�������������������������������𝑖𝑖  – 
0.34*(𝑠𝑠𝑡𝑡𝑒𝑒𝑒𝑒𝑔𝑔𝑡𝑡𝑒𝑒 𝑡𝑡𝑖𝑖𝑡𝑡𝑠𝑠𝑠𝑠𝑒𝑒𝑜𝑜𝑜𝑜𝑚𝑚 𝑝𝑝𝑒𝑒𝑡𝑡𝑡𝑡𝑡𝑡𝑒𝑒𝑡𝑡𝑒𝑒)���������������������������������������𝑖𝑖+ 0.17 ∗ (𝑠𝑠𝑡𝑡ℎ𝑜𝑜𝑜𝑜𝑖𝑖 𝑠𝑠𝑖𝑖𝑠𝑠𝑒𝑒)𝑖𝑖 + 53.88 ∗ (𝑚𝑚𝑒𝑒𝑡𝑡𝑔𝑔 𝑆𝑆𝑆𝑆𝑆𝑆)𝑖𝑖 
+ 0.65 ∗ (𝑚𝑚𝑒𝑒𝑡𝑡𝑔𝑔 𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡ℎ𝑒𝑒𝑒𝑒 𝑒𝑒𝑔𝑔𝑢𝑢𝑡𝑡𝑡𝑡𝑡𝑡𝑖𝑖𝑜𝑜𝑔𝑔)𝑖𝑖 – 0.03*(𝑝𝑝𝑒𝑒𝑒𝑒 − 𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑒𝑒𝑔𝑔𝑡𝑡 𝑒𝑒𝑒𝑒𝑝𝑝𝑒𝑒𝑔𝑔𝑔𝑔𝑖𝑖𝑡𝑡𝑢𝑢𝑒𝑒𝑒𝑒)𝑖𝑖 – 
45.15*(𝑚𝑚𝑒𝑒𝑡𝑡𝑔𝑔 𝑡𝑡𝑡𝑡𝑡𝑡𝑔𝑔𝑒𝑒𝑚𝑚𝑖𝑖𝑡𝑡 𝑝𝑝𝑒𝑒𝑒𝑒𝑠𝑠𝑠𝑠𝑢𝑢𝑒𝑒𝑒𝑒)𝑖𝑖 – 15.12*(𝑚𝑚𝑒𝑒𝑡𝑡𝑔𝑔 𝑝𝑝𝑡𝑡𝑒𝑒𝑒𝑒𝑔𝑔𝑡𝑡𝑡𝑡𝑖𝑖 𝑖𝑖𝑔𝑔𝑙𝑙𝑜𝑜𝑖𝑖𝑙𝑙𝑒𝑒𝑚𝑚𝑒𝑒𝑔𝑔𝑡𝑡)𝑖𝑖 – 
2.24*(𝑝𝑝𝑒𝑒𝑖𝑖𝑔𝑔𝑡𝑡𝑖𝑖𝑝𝑝𝑡𝑡𝑖𝑖 𝑖𝑖𝑒𝑒𝑡𝑡𝑔𝑔𝑒𝑒𝑒𝑒𝑠𝑠ℎ𝑖𝑖𝑝𝑝)𝑖𝑖 – 20.50*(𝑠𝑠𝑡𝑡ℎ𝑜𝑜𝑜𝑜𝑖𝑖 𝑡𝑡𝑢𝑢𝑡𝑡𝑜𝑜𝑔𝑔𝑜𝑜𝑚𝑚𝑦𝑦)𝑖𝑖 + 4.62 ∗
(𝑒𝑒𝑒𝑒𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡𝑢𝑢𝑒𝑒𝑒𝑒𝑖𝑖𝑡𝑡𝑢𝑢𝑖𝑖𝑡𝑡𝑒𝑒 𝑡𝑡𝑡𝑡𝑡𝑡𝑖𝑖𝑙𝑙𝑖𝑖𝑡𝑡𝑖𝑖𝑒𝑒𝑠𝑠)𝑖𝑖  + 1.15 ∗ (𝑚𝑚𝑒𝑒𝑡𝑡𝑔𝑔 𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖   + 0.69 ∗
(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡ℎ𝑒𝑒𝑒𝑒 𝑔𝑔𝑒𝑒𝑔𝑔𝑔𝑔𝑒𝑒𝑒𝑒)������������������������𝑖𝑖 + 0.37* (𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑒𝑒𝑔𝑔𝑢𝑢𝑡𝑡𝑡𝑡𝑡𝑡𝑒𝑒𝑜𝑜𝑔𝑔 𝑖𝑖𝑒𝑒𝑙𝑙𝑒𝑒𝑖𝑖)�����������������������𝑖𝑖 + 0.36* 
(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑝𝑝𝑒𝑒𝑜𝑜𝑙𝑙𝑒𝑒𝑠𝑠𝑠𝑠𝑒𝑒𝑜𝑜𝑔𝑔𝑡𝑡𝑖𝑖 𝑡𝑡𝑒𝑒𝑡𝑡𝑖𝑖𝑒𝑒)���������������������������𝑖𝑖 + 0.63 ∗ (𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡ℎ𝑒𝑒𝑔𝑔𝑔𝑔 𝑒𝑒𝑒𝑒𝑝𝑝𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑔𝑔𝑡𝑡𝑒𝑒)������������������������������𝑖𝑖 – 
0.23*(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(ℎ𝑜𝑜𝑚𝑚𝑒𝑒𝑒𝑒𝑜𝑜𝑜𝑜𝑚𝑚 𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡ℎ𝑒𝑒𝑒𝑒)����������������������������𝑖𝑖 – 0.11 ∗
(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑝𝑝𝑒𝑒𝑜𝑜𝑙𝑙𝑒𝑒𝑠𝑠𝑠𝑠𝑒𝑒𝑜𝑜𝑔𝑔𝑡𝑡𝑖𝑖 𝑔𝑔𝑒𝑒𝑜𝑜𝑤𝑤𝑡𝑡ℎ)�������������������������������𝑖𝑖  + 
0.01*(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑠𝑠𝑡𝑡𝑒𝑒𝑒𝑒𝑔𝑔𝑡𝑡𝑒𝑒 𝑡𝑡𝑖𝑖𝑡𝑡𝑠𝑠𝑠𝑠𝑒𝑒𝑜𝑜𝑜𝑜𝑚𝑚 𝑝𝑝𝑒𝑒𝑡𝑡𝑡𝑡𝑡𝑡𝑒𝑒𝑡𝑡𝑒𝑒)���������������������������������������𝑖𝑖   
 
  
141 
 
Full MMMM for in-school learning on weekends can be expressed as: 
y�𝑖𝑖=  473.15 – 1.19∗ (𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖 −5.87 ∗ (𝑔𝑔𝑒𝑒𝑔𝑔𝑔𝑔𝑒𝑒𝑒𝑒)𝑖𝑖 + 3.50 ∗ (𝑆𝑆𝑆𝑆𝑆𝑆)𝑖𝑖 + 15.49 ∗
(𝑜𝑜𝑔𝑔𝑒𝑒 𝑡𝑡ℎ𝑖𝑖𝑖𝑖𝑔𝑔)𝑖𝑖 – 3.95*(𝑠𝑠𝑖𝑖𝑔𝑔𝑔𝑔𝑖𝑖𝑒𝑒 − 𝑝𝑝𝑡𝑡𝑒𝑒𝑒𝑒𝑔𝑔𝑡𝑡 ℎ𝑜𝑜𝑢𝑢𝑠𝑠𝑒𝑒ℎ𝑜𝑜𝑖𝑖𝑔𝑔)𝑖𝑖 – 19.75*(𝑖𝑖𝑒𝑒𝑙𝑙𝑡𝑡𝑙𝑙𝑒𝑒ℎ𝑖𝑖𝑔𝑔𝑔𝑔 𝑡𝑡ℎ𝑖𝑖𝑖𝑖𝑔𝑔)𝑖𝑖 + 
7.71 ∗ (𝑚𝑚𝑖𝑖𝑔𝑔𝑒𝑒𝑡𝑡𝑔𝑔𝑡𝑡 𝑡𝑡ℎ𝑖𝑖𝑖𝑖𝑔𝑔)𝑖𝑖 – 3.85*(𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡ℎ𝑒𝑒𝑒𝑒 𝑔𝑔𝑒𝑒𝑔𝑔𝑔𝑔𝑒𝑒𝑒𝑒)������������������������𝑖𝑖 + 4.23 ∗ (𝑒𝑒𝑔𝑔𝑢𝑢𝑡𝑡𝑡𝑡𝑡𝑡𝑒𝑒𝑜𝑜𝑔𝑔 𝑖𝑖𝑒𝑒𝑙𝑙𝑒𝑒𝑖𝑖)�����������������������𝑖𝑖 + 
15.85 ∗ (𝑝𝑝𝑒𝑒𝑜𝑜𝑙𝑙𝑒𝑒𝑠𝑠𝑠𝑠𝑒𝑒𝑜𝑜𝑔𝑔𝑡𝑡𝑖𝑖 𝑡𝑡𝑒𝑒𝑡𝑡𝑖𝑖𝑒𝑒)���������������������������𝑖𝑖 + 4.66 ∗ (𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡ℎ𝑒𝑒𝑔𝑔𝑔𝑔 𝑒𝑒𝑒𝑒𝑝𝑝𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑔𝑔𝑡𝑡𝑒𝑒)������������������������������𝑖𝑖 + 15.07 ∗
(ℎ𝑜𝑜𝑚𝑚𝑒𝑒𝑒𝑒𝑜𝑜𝑜𝑜𝑚𝑚 𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡ℎ𝑒𝑒𝑒𝑒)����������������������������𝑖𝑖 – 3.62*(𝑝𝑝𝑒𝑒𝑜𝑜𝑙𝑙𝑒𝑒𝑠𝑠𝑠𝑠𝑒𝑒𝑜𝑜𝑔𝑔𝑡𝑡𝑖𝑖 𝑔𝑔𝑒𝑒𝑜𝑜𝑤𝑤𝑡𝑡ℎ)�������������������������������𝑖𝑖  – 
0.14*(𝑠𝑠𝑡𝑡𝑒𝑒𝑒𝑒𝑔𝑔𝑡𝑡𝑒𝑒 𝑡𝑡𝑖𝑖𝑡𝑡𝑠𝑠𝑠𝑠𝑒𝑒𝑜𝑜𝑜𝑜𝑚𝑚 𝑝𝑝𝑒𝑒𝑡𝑡𝑡𝑡𝑡𝑡𝑒𝑒𝑡𝑡𝑒𝑒)���������������������������������������𝑖𝑖+ 0.02 ∗ (𝑠𝑠𝑡𝑡ℎ𝑜𝑜𝑜𝑜𝑖𝑖 𝑠𝑠𝑖𝑖𝑠𝑠𝑒𝑒)𝑖𝑖 + 53.52 ∗ (𝑚𝑚𝑒𝑒𝑡𝑡𝑔𝑔 𝑆𝑆𝑆𝑆𝑆𝑆)𝑖𝑖 
+ 0.45 ∗ (𝑚𝑚𝑒𝑒𝑡𝑡𝑔𝑔 𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡ℎ𝑒𝑒𝑒𝑒 𝑒𝑒𝑔𝑔𝑢𝑢𝑡𝑡𝑡𝑡𝑡𝑡𝑖𝑖𝑜𝑜𝑔𝑔)𝑖𝑖 – 0.03*(𝑝𝑝𝑒𝑒𝑒𝑒 − 𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑒𝑒𝑔𝑔𝑡𝑡 𝑒𝑒𝑒𝑒𝑝𝑝𝑒𝑒𝑔𝑔𝑔𝑔𝑖𝑖𝑡𝑡𝑢𝑢𝑒𝑒𝑒𝑒)𝑖𝑖 – 
37.54*(𝑚𝑚𝑒𝑒𝑡𝑡𝑔𝑔 𝑡𝑡𝑡𝑡𝑡𝑡𝑔𝑔𝑒𝑒𝑚𝑚𝑖𝑖𝑡𝑡 𝑝𝑝𝑒𝑒𝑒𝑒𝑠𝑠𝑠𝑠𝑢𝑢𝑒𝑒𝑒𝑒)𝑖𝑖 – 11.18*(𝑚𝑚𝑒𝑒𝑡𝑡𝑔𝑔 𝑝𝑝𝑡𝑡𝑒𝑒𝑒𝑒𝑔𝑔𝑡𝑡𝑡𝑡𝑖𝑖 𝑖𝑖𝑔𝑔𝑙𝑙𝑜𝑜𝑖𝑖𝑙𝑙𝑒𝑒𝑚𝑚𝑒𝑒𝑔𝑔𝑡𝑡)𝑖𝑖 – 
5.65*(𝑝𝑝𝑒𝑒𝑖𝑖𝑔𝑔𝑡𝑡𝑖𝑖𝑝𝑝𝑡𝑡𝑖𝑖 𝑖𝑖𝑒𝑒𝑡𝑡𝑔𝑔𝑒𝑒𝑒𝑒𝑠𝑠ℎ𝑖𝑖𝑝𝑝)𝑖𝑖 – 23.65*(𝑠𝑠𝑡𝑡ℎ𝑜𝑜𝑜𝑜𝑖𝑖 𝑡𝑡𝑢𝑢𝑡𝑡𝑜𝑜𝑔𝑔𝑜𝑜𝑚𝑚𝑦𝑦)𝑖𝑖 + 3.68 ∗
(𝑒𝑒𝑒𝑒𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡𝑢𝑢𝑒𝑒𝑒𝑒𝑖𝑖𝑡𝑡𝑢𝑢𝑖𝑖𝑡𝑡𝑒𝑒 𝑡𝑡𝑡𝑡𝑡𝑡𝑖𝑖𝑙𝑙𝑖𝑖𝑡𝑡𝑖𝑖𝑒𝑒𝑠𝑠)𝑖𝑖  + 0.84 ∗ (𝑚𝑚𝑒𝑒𝑡𝑡𝑔𝑔 𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖 + 
0.00*(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑠𝑠𝑡𝑡ℎ𝑜𝑜𝑜𝑜𝑖𝑖 𝑠𝑠𝑖𝑖𝑠𝑠𝑒𝑒)𝑖𝑖 – 0.76*(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑚𝑚𝑒𝑒𝑡𝑡𝑔𝑔 𝑆𝑆𝑆𝑆𝑆𝑆)𝑖𝑖 – 
0.00*(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑚𝑚𝑒𝑒𝑡𝑡𝑔𝑔 𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡ℎ𝑒𝑒𝑒𝑒 𝑒𝑒𝑔𝑔𝑢𝑢𝑡𝑡𝑡𝑡𝑡𝑡𝑖𝑖𝑜𝑜𝑔𝑔)𝑖𝑖 + 0.00 ∗ (𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑝𝑝𝑒𝑒𝑒𝑒 −
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142 
 
Full MMMM for homework on weekends can be expressed as: 
y�𝑖𝑖 =  474.48 + 2.08∗ (𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖 −7.26 ∗ (𝑔𝑔𝑒𝑒𝑔𝑔𝑔𝑔𝑒𝑒𝑒𝑒)𝑖𝑖 + 1.83 ∗ (𝑆𝑆𝑆𝑆𝑆𝑆)𝑖𝑖 + 15.63 ∗
(𝑜𝑜𝑔𝑔𝑒𝑒 𝑡𝑡ℎ𝑖𝑖𝑖𝑖𝑔𝑔)𝑖𝑖 – 3.36*(𝑠𝑠𝑖𝑖𝑔𝑔𝑔𝑔𝑖𝑖𝑒𝑒 − 𝑝𝑝𝑡𝑡𝑒𝑒𝑒𝑒𝑔𝑔𝑡𝑡 ℎ𝑜𝑜𝑢𝑢𝑠𝑠𝑒𝑒ℎ𝑜𝑜𝑖𝑖𝑔𝑔)𝑖𝑖 – 19.97*(𝑖𝑖𝑒𝑒𝑙𝑙𝑡𝑡𝑙𝑙𝑒𝑒ℎ𝑖𝑖𝑔𝑔𝑔𝑔 𝑡𝑡ℎ𝑖𝑖𝑖𝑖𝑔𝑔)𝑖𝑖 + 
7.07 ∗ (𝑚𝑚𝑖𝑖𝑔𝑔𝑒𝑒𝑡𝑡𝑔𝑔𝑡𝑡 𝑡𝑡ℎ𝑖𝑖𝑖𝑖𝑔𝑔)𝑖𝑖 – 3.97*(𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡ℎ𝑒𝑒𝑒𝑒 𝑔𝑔𝑒𝑒𝑔𝑔𝑔𝑔𝑒𝑒𝑒𝑒)������������������������𝑖𝑖 + 6.96 ∗ (𝑒𝑒𝑔𝑔𝑢𝑢𝑡𝑡𝑡𝑡𝑡𝑡𝑒𝑒𝑜𝑜𝑔𝑔 𝑖𝑖𝑒𝑒𝑙𝑙𝑒𝑒𝑖𝑖)�����������������������𝑖𝑖 + 
13.52 ∗ (𝑝𝑝𝑒𝑒𝑜𝑜𝑙𝑙𝑒𝑒𝑠𝑠𝑠𝑠𝑒𝑒𝑜𝑜𝑔𝑔𝑡𝑡𝑖𝑖 𝑡𝑡𝑒𝑒𝑡𝑡𝑖𝑖𝑒𝑒)���������������������������𝑖𝑖 + 5.22 ∗ (𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡ℎ𝑒𝑒𝑔𝑔𝑔𝑔 𝑒𝑒𝑒𝑒𝑝𝑝𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑔𝑔𝑡𝑡𝑒𝑒)������������������������������𝑖𝑖 + 12.25 ∗
(ℎ𝑜𝑜𝑚𝑚𝑒𝑒𝑒𝑒𝑜𝑜𝑜𝑜𝑚𝑚 𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡ℎ𝑒𝑒𝑒𝑒)����������������������������𝑖𝑖 – 3.23*(𝑝𝑝𝑒𝑒𝑜𝑜𝑙𝑙𝑒𝑒𝑠𝑠𝑠𝑠𝑒𝑒𝑜𝑜𝑔𝑔𝑡𝑡𝑖𝑖 𝑔𝑔𝑒𝑒𝑜𝑜𝑤𝑤𝑡𝑡ℎ)�������������������������������𝑖𝑖  – 
0.13*(𝑠𝑠𝑡𝑡𝑒𝑒𝑒𝑒𝑔𝑔𝑡𝑡𝑒𝑒 𝑡𝑡𝑖𝑖𝑡𝑡𝑠𝑠𝑠𝑠𝑒𝑒𝑜𝑜𝑜𝑜𝑚𝑚 𝑝𝑝𝑒𝑒𝑡𝑡𝑡𝑡𝑡𝑡𝑒𝑒𝑡𝑡𝑒𝑒)���������������������������������������𝑖𝑖 –  0.01 ∗ (𝑠𝑠𝑡𝑡ℎ𝑜𝑜𝑜𝑜𝑖𝑖 𝑠𝑠𝑖𝑖𝑠𝑠𝑒𝑒)𝑖𝑖 + 55.65 ∗ (𝑚𝑚𝑒𝑒𝑡𝑡𝑔𝑔 𝑆𝑆𝑆𝑆𝑆𝑆)𝑖𝑖 
+ 0.41 ∗ (𝑚𝑚𝑒𝑒𝑡𝑡𝑔𝑔 𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡ℎ𝑒𝑒𝑒𝑒 𝑒𝑒𝑔𝑔𝑢𝑢𝑡𝑡𝑡𝑡𝑡𝑡𝑖𝑖𝑜𝑜𝑔𝑔)𝑖𝑖 – 0.03*(𝑝𝑝𝑒𝑒𝑒𝑒 − 𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑒𝑒𝑔𝑔𝑡𝑡 𝑒𝑒𝑒𝑒𝑝𝑝𝑒𝑒𝑔𝑔𝑔𝑔𝑖𝑖𝑡𝑡𝑢𝑢𝑒𝑒𝑒𝑒)𝑖𝑖 – 
41.13*(𝑚𝑚𝑒𝑒𝑡𝑡𝑔𝑔 𝑡𝑡𝑡𝑡𝑡𝑡𝑔𝑔𝑒𝑒𝑚𝑚𝑖𝑖𝑡𝑡 𝑝𝑝𝑒𝑒𝑒𝑒𝑠𝑠𝑠𝑠𝑢𝑢𝑒𝑒𝑒𝑒)𝑖𝑖 – 11.61*(𝑚𝑚𝑒𝑒𝑡𝑡𝑔𝑔 𝑝𝑝𝑡𝑡𝑒𝑒𝑒𝑒𝑔𝑔𝑡𝑡𝑡𝑡𝑖𝑖 𝑖𝑖𝑔𝑔𝑙𝑙𝑜𝑜𝑖𝑖𝑙𝑙𝑒𝑒𝑚𝑚𝑒𝑒𝑔𝑔𝑡𝑡)𝑖𝑖 – 
5.12*(𝑝𝑝𝑒𝑒𝑖𝑖𝑔𝑔𝑡𝑡𝑖𝑖𝑝𝑝𝑡𝑡𝑖𝑖 𝑖𝑖𝑒𝑒𝑡𝑡𝑔𝑔𝑒𝑒𝑒𝑒𝑠𝑠ℎ𝑖𝑖𝑝𝑝)𝑖𝑖 – 22.63*(𝑠𝑠𝑡𝑡ℎ𝑜𝑜𝑜𝑜𝑖𝑖 𝑡𝑡𝑢𝑢𝑡𝑡𝑜𝑜𝑔𝑔𝑜𝑜𝑚𝑚𝑦𝑦)𝑖𝑖 + 3.54 ∗
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(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑝𝑝𝑒𝑒𝑜𝑜𝑙𝑙𝑒𝑒𝑠𝑠𝑠𝑠𝑒𝑒𝑜𝑜𝑔𝑔𝑡𝑡𝑖𝑖 𝑡𝑡𝑒𝑒𝑡𝑡𝑖𝑖𝑒𝑒)���������������������������𝑖𝑖 + 0.82 ∗ (𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡ℎ𝑒𝑒𝑔𝑔𝑔𝑔 𝑒𝑒𝑒𝑒𝑝𝑝𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑔𝑔𝑡𝑡𝑒𝑒)������������������������������𝑖𝑖 – 
1.11*(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(ℎ𝑜𝑜𝑚𝑚𝑒𝑒𝑒𝑒𝑜𝑜𝑜𝑜𝑚𝑚 𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡ℎ𝑒𝑒𝑒𝑒)����������������������������𝑖𝑖 + 0.43 ∗
(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑝𝑝𝑒𝑒𝑜𝑜𝑙𝑙𝑒𝑒𝑠𝑠𝑠𝑠𝑒𝑒𝑜𝑜𝑔𝑔𝑡𝑡𝑖𝑖 𝑔𝑔𝑒𝑒𝑜𝑜𝑤𝑤𝑡𝑡ℎ)�������������������������������𝑖𝑖  – 
0.23*(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑠𝑠𝑡𝑡𝑒𝑒𝑒𝑒𝑔𝑔𝑡𝑡𝑒𝑒 𝑡𝑡𝑖𝑖𝑡𝑡𝑠𝑠𝑠𝑠𝑒𝑒𝑜𝑜𝑜𝑜𝑚𝑚 𝑝𝑝𝑒𝑒𝑡𝑡𝑡𝑡𝑡𝑡𝑒𝑒𝑡𝑡𝑒𝑒)���������������������������������������𝑖𝑖 + 
0.03*(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑠𝑠𝑡𝑡ℎ𝑜𝑜𝑜𝑜𝑖𝑖 𝑠𝑠𝑖𝑖𝑠𝑠𝑒𝑒)𝑖𝑖 – 0.05*(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑚𝑚𝑒𝑒𝑡𝑡𝑔𝑔 𝑆𝑆𝑆𝑆𝑆𝑆)𝑖𝑖 – 
0.03*(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑚𝑚𝑒𝑒𝑡𝑡𝑔𝑔 𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡ℎ𝑒𝑒𝑒𝑒 𝑒𝑒𝑔𝑔𝑢𝑢𝑡𝑡𝑡𝑡𝑡𝑡𝑖𝑖𝑜𝑜𝑔𝑔)𝑖𝑖 + 0.004 ∗ (𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑝𝑝𝑒𝑒𝑒𝑒 −
𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑒𝑒𝑔𝑔𝑡𝑡 𝑒𝑒𝑒𝑒𝑝𝑝𝑒𝑒𝑔𝑔𝑔𝑔𝑖𝑖𝑡𝑡𝑢𝑢𝑒𝑒𝑒𝑒)𝑖𝑖 + 2.02 ∗ (𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑚𝑚𝑒𝑒𝑡𝑡𝑔𝑔 𝑡𝑡𝑡𝑡𝑡𝑡𝑔𝑔𝑒𝑒𝑚𝑚𝑖𝑖𝑡𝑡 𝑝𝑝𝑒𝑒𝑒𝑒𝑠𝑠𝑠𝑠𝑢𝑢𝑒𝑒𝑒𝑒)𝑖𝑖 – 
4.95*(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑚𝑚𝑒𝑒𝑡𝑡𝑔𝑔 𝑝𝑝𝑡𝑡𝑒𝑒𝑒𝑒𝑔𝑔𝑡𝑡𝑡𝑡𝑖𝑖 𝑖𝑖𝑔𝑔𝑙𝑙𝑜𝑜𝑖𝑖𝑙𝑙𝑒𝑒𝑚𝑚𝑒𝑒𝑔𝑔𝑡𝑡)𝑖𝑖 + 0.77 ∗
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(𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖(𝑚𝑚𝑒𝑒𝑡𝑡𝑔𝑔 𝑠𝑠𝑡𝑡𝑢𝑢𝑔𝑔𝑦𝑦 𝑖𝑖𝑜𝑜𝑡𝑡𝑔𝑔)𝑖𝑖
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